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"SCREENING  STUDY  TO  IDENTIFY  PHASE  CHANGE 
COOLANTS  FOR  PORTABLE  LIFE  SUPPORT  SYSTEMS" 


SUMMARY 

1 . 1 Program  Objective 

The  U.  S.  Navy  Clothing  and  Textile  Research 
Facility  of  Natick,  Massachusetts,  wishes  to 
identify  nontoxic,  nonf lamraable  compounds  or  mix- 
tures of  compounds  which  would  produce  a phase  or 
physical  change  specific  cooling  effect  greater 
than  that  produced  by  the  heat  of  fusion  of  wet  ice. 
The  compounds  or  mixtures  of  interest  shall  produce 
this  cooling  effect  at  or  near  atmospheric  pressure 
and  below  5°C. 

More  specifically,  the  present  ice  fusion  system 
weighing  40  pounds,  with  12  pounds  being  due  to  the 
ice,  and  4 pounds  to  the  heat  exchanger,  will 
supply  the  minimal  needed  504  Kcal/hr  (2000  Btu/hr) 
for  one  hour, but  is  too  heavy.  The  Navy  would  like 
to  have  as  a minimum  a total  system  which  weighs 
less  than  30  pounds,  and  which  can  supply  the  504 
Kcal/hr  cooling  for  one  hour. 

This  study  was  directed  towards  identifying  coolant 
materials  more  efficient  than  ice  which  also  had  the 
additionally  desired  properties  of  safety,  reasonable 
logistics,  and  reasonable  costs. 


1.2  Methodology  Overview 


Figure  1 shows  the  tasks  addressed  during  this  study, 
and  their  interrelationships.  Categorically,  the 
classes  of  coolants  addressed  included: 


(1)  one  phase  change  with  one  compound 

(2)  two  or  more  phase  changes  with  one  compound 


TASK 


I 


(3)  one  phase  change  with  each  of  two  or 

more  compounds 

(4)  one  non-phase  change  process  with  one 

compound 

(5)  a non-phase  process (es)  combined  with  a 

phase  change  for  one  or  more  compounds. 


1. 3 Principal  Results  and  Recommendations 

The  coolants  recommended  for  consideration  are 
carbon  dioxide,  an  ammonia- carbon  dioxide  mixture, 
and  a salt  such  as  potassium  acid  fluoride 
incorporated  into  ice. 

In  the  carbon  dioxide  system,  solid  carbon  dioxide 
(dry  ice)  will  sublimate  and  the  resultant  gases 
warm  to  4°C,  then  be  expelled  from  the  suit. 

The  heat  absorption  for  this  process  is  153.0  Kcal/kg. 
To  achieve  504  Kcal  (2000  Btu)  of  cooling,  3.3  Kg. 

(7.3  lbs)  of  carbon  dioxide  is  needed.  This  is  an 
83%  improvement  over  the  heat  absorption  of  ice 
melting  and  warming  to  4°C,  or  a 45%  reduction  in 
the  weight  of  ice  needed.  The  carbon  dioxide 
system  appears  to  be  completely  safe,  with  reasonable 

j logistics. 

i 

In  the  ammonia- carbon  dioxide  system,  the  carbon 
dioxide  will  sublimate,  the  ammonia  vaporize,  and 
the  resultant  gases  warm  to  4°C,  then  with  mixing 
be  expelled  from  the  suit.  This  system  might  be 
flammable,  so  should  be  examined  in  the  laboratory, 
as  is  discussed  in  Section  5.  The  heat  absorption 
for  this  system  is  an  impressive  198.5  Kcal/kg  for 
an  0.8  mole  ratio  of  ammonia  to  carbon  dioxide.  To 
achieve  504  Kcal  (2000  Btu)  of  cooling,  2.5  Kg 
(5.6  lbs)  of  total  coolant  is  needed.  This  is  a 
137%  improvement  over  the  heat  absorption  of  ice 
melting  and  warming  to  4°C,  or  a 58%  reduction  in 
the  weight  of  ice  needed.  Aside  from  the  flammability 
which  must  be  examined,  the  logistics  of  the  system 
appear  reasonable. 

In  the  potassium  acid  fluoride-ice  system,  the  heat 
of  solution  of  the  salt  is  added  to  the  heat  of 
fusion  of  ice.  Over  the  temperature  range  of  about 
-15  to  5°C,  this  system  yields  121  Kcal/kg. To  achieve 
504  Kcal  (2000  Btu)  of  cooling,  4.12  Kg  (9.2  lbs)  of 
total  coolant  is  needed.  This  is  a 45%  improvement 


over  the  ice  alone  system,  or  a 31%  reduction  in 
the  weight  of  ice  needed.  The  salt  will  decompose 
about  225°C  . With  decomposition  or  acids,  toxic 
fumes  result.  Otherwise,  tne  logistics  of  the 
system  appear  reasonable. 


2.0  EXPANDED  DISCUSSION  OF  RESULTS 


2 . 1  One  Phase  Change  With  One  Compound  Class 

Basic  reference  compendiums  and  two  computer  searches 
of  relevant  data  banks  were  searched  for  safe  com- 
pounds having  either  heats  of  fusion,  heats  of 
vaporization,  or  heats  of  sublimation  great  than 
80  Kcal/kg  (the  heat  fusion  of  ice)  about  or 
below  10°C  at  atmospheric  pressure.  Some  flexi- 
bility in  temperature  was  extended  to  compounds  with 
high  vapor  pressures. 

Only  the  sublimation  of  carbon  dioxide  was  found  to 
meet  all  of  the  cooling  and  safety  reguirements , and 
provide  a 42%  weight  reduction  in  the  amount  of  ice 
I needed  to  obtain  504  Real  or  2000  Btu  of  cooling  for 

one  hour. 

Other  compounds  were  found  that  could  meet  the 
cooling,  but  not  the  safety  requirements. 

A few  compounds  which  could  only  partially  meet  the 
safety  requirements,  but  which  appeared  to  meet  the 
cooling  requirements,  suggested  themselves  as 
candidates  to  be  combined  with  a coolant  diluent, 
like  carbon  dioxide,  for  increased  safety.  These 
combinations  are  discussed  in  Section  2.3  and  2.3.2. 


2.1.1  Cooling  Obtained  From  Heat  of  Fusion 

(3a) 

Only  ammonia'  ' was  found  to  have  a heat  of  fusion 
fitting  the  desired  cooling  criteria.  At  -75°C,  its 
heat  of  fusion  is  108  Kcal/kg.  Due  to  the  uncom- 
moness  of  solid  ammonia  and  its  anticipated  logistical 
problems,  it  was  not  considered  further. 
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2.  1.2 


Cooling  Obtained  From  Heat  of  Vaporiza tion 

Twenty-three  compounds  were  found  having  heats  of 
vaporization  fitting  the  desired  cooling  criteria. 

Of  the  23,  only  five  could,  with  reservation,  be 
considered  further.  The  remainder  were  not  safe. 

The  23  compounds  are  listed  in  Table  I.  Additional 
safety  and  toxicology  data  from  Ref.  2 are  in 
Appendix  I. 

The  five  compounds  with  their  heat  of  vaporization 
at  0°C  in  Kcal/kg  given  in  parentheses,  which 
received  reserved  recommendations  pending  combina- 
tion with  a diluent  for  safety  are:  ammonia  (301.6), 
acetone  (134.8),  methanol  (284),  ethanol  (219.8) 
and  n-propanol  (193) . 

Carbon  dioxide,  also  listed  in  Table  I was  identified 
as  the  possible  diluent. 

Of  the  five  compounds,  ammonia  and/or  methanol  com- 
bined with  carbon  dioxide  were  the  most  attractive 
coolant  combinations. 


2.1.3  Cooling  Obtained  From  Heat  of  Sublimation 

A few  organic  compounds,  listed  in  Table  II,  had 
attractive  heats  of  sublimation  into  the  temperature 
range  of  interest,  but  their:  vapor  pressures  at  these 
temperatures  were  too  low  for  further  consideration. 

Carbon  dioxide  has  a heat  of  sublimation  of  137  Kcal/kg 
at  -78°C,  and  is  safe.  Table  III  lists  the  weight  of 
solid  carbon  dioxide  or  dry  ice  needed  to  obtain 
cooling  rates  of  252  Kcal/hr. (1000  Btu/hr)  or 
605  Kcal/hr.  (2400  Btu/hr)  for  1,  2,  or  4 hours. 

The  weight  of  carbon  dioxide  needed  to  produce  504  Kcul 
or  2000  Btu  of  cooling  for  one  hour  is  3.68  Kg  or 
8.1  lbs.,  a 42%  decrease  in  the  14  pounds  of  ice  that 
would  be  needed  to  achieve  the  same  cooling. 
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l Two  or  More  Phase  Changes  With  One  Compound  Class 

The  objective  was  to  find  compounds  which  would 
undergo  multiple  phase  changes  within  reasonable 
condition  limits,  None  was  found,  except  the  coolants 
used  in  refrigeration  systems.  Such  coolants  undergo 
vaporization-condensation  in  a cyclic  fashion. 

Since  the  usual  refrigeration  coolants  are  one  of 
the  Freons,  which  are  non-flammable  and  virtually 
non-toxic,  the  refrigeration  industry  along  with 
government  research  groups,  were  surveyed  to  learn 
if  a portable  heat  pump  was  feasible. 

Neither  existing  units,  nor  combinations  of  available 
components  appear  capable  of  meeting  the  minimum 
504  Kcal  or  2000  Btu  cooling  with  a system  weighing 
less  than  30  pounds.  Some  developmental  systems 
look  promising,  particularly  those  discussed  in 
reference  24. 


2.2.1  Refrigeration  Systems  and  Cooling  Units 

The  two  major  components  to  a refrigeration  unit  are 
the  cooling  system  (compressor,  motor,  condenser, 
fluid,  pump  or  fan)  and  the  power  pack.  Table  IV 
lists  complete  refrigeration  systems  first,  then 
cooling  units.  System  No.  1 is  an  off-the-shelf 
refrigeration  unit  capable  of  supplying  1500  Btu/hr 
cooling  and  weighing  46  pounds.  A significant  por- 
tion of  its  weight  is  in  the  22  pound  inverter.  The 
designer  of  this  system  (Ref.  6)  believes  System 
No.  1 can  be  refined  as  described  in  System  No.  2, 
such  that  a DC,  not  an  AC  motor  is  used,  and  1500 
Btu/hr  cooling  rate  would  require  a 16  pound  unit. 
Systems  numbered  3 to  5 are  cooling  units  only,  which 
still  require  power  packs.  System  No.  5 has  an  AC 
motor,  hence  an  inverter  is  needed  with  it.  For  the 
cooling  offered  by  Systems  3 to  5 , their  weights  are 
high. 


2.2.2  Major  Components  for  Ref rigeration  Systems 

Table  V lists  two  of  the  major  components  in  a 
refrigeration  system:  the  compressor  (with  motor) 
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and  the  power  pack.  All  of  the  compressors  are 
available  and  have  AC  motors,  which  need  inverters. 
By  combining  appropriate  batteries,  all  but  one  of 
which  are  available,  with  the  various  compressors, 
it  is  evident  that  the  weight  of  the  total  systems 
will  be  too  high. 


2 . 3 One  Phase  Change  With  Each  of  Two  or  More  Compounds 
Class 

Two  different  types  of  systems  fall  into  this  class. 
The  first  deals  with  adding  a water  soluble  salt  to 
ice  such  that  the  cooling  would  be  obtained  from  the 
heat  of  fusion  of  the  ice,  plus  the  heat  of  solution 
of  the  salt. 

Seven  water  soluble,  non-explosive  salts  have  heats 
of  solution  ranging  from  74.6  to  99.6  Kcal/kg,  but 
of  these  only  ammonium  chloride  with  a heat  of  solu- 
tion of  76.5  Kcal/kg  appears  completely  safe.  Since 
this  value  is  no  improvement  over  the  heat  of  fusion 
of  ice,  no  weight  advantage  is  gained  by  its  use. 
NIUIIF2,  KHF 2 , and  NaHF2  have  attractive  cooling 
properties,  especially  KIIF2 , but  their  safety  is 
questionable.  A solution  of  30g  KIIF2  in  100  g.  of 
water  has  a combined  heat  of  fusion  and  heat  of  solu- 
tion of  121  Kcal/kg. 

A possible  volume  advantage  is  gained  by  using  a 
salt,  since  the  salts  are  more  dense  than  ice. 

The  second  type  of  system  deals  with  pairs  of  com- 
pounds, in  which  one  compound  by  itself  possessing 
good  cooling  values  is  diluted  by  the  second, 
completely  safe  compound.  Such  pairs  examined 
were  liquid  methanol  with  solid  carbon  dioxide,  and 
liquid  ammonia  with  solid  carbon  dioxide.  For  each 
pair,  it  was  envisioned  that  the  liquid  would 
vaporize,  the  solid  carbon  dioxide  sublime,  and  the 
resultant  gases  would  mix  in  a manner  to  render  the 
mixture  non-flammable  and  non-explosive. 

The  vapor  pressure  of  methanol  at  the  temperature 
of  interest  is  too  low  to  be  practical.  The  am- 
monia-carbon dioxide  system  is  attractive.  For  an 
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0.8  niole  ratio  of  ammonia  to  carbon  dioxide,  the 
two  phase  changes  produce  182  Kcal/kg  of  cooling. 
This  translates  to  2.76  Kg  or  6.1  pounds  total  of 
ammonia  and  carbon  dioxide  being  needed  to  obtain 
504  Kcal  or  2000  Btu  of  cooling,  a 56%  decrease 
in  the  14  pounds  of  ice  needed  to  obtain  the  same 
cooling. 


2.3.1  Cooling  Obtained  From  Heats  of  Solution 

In  general,  heats  of  solution  are  moderate,  but 
some  compounds  possess  attractive  heats  of  solu- 
tion. These  are  listed  in  Table  VI.  Of  the  15 
compounds  possessing  heats  of  solution  in  excess 
of  74  Kcal/kg,  five  are  either  nitrates,  nitrites, 
or  chlorates  and  not  recommended  (Appendix  II) 
because  of  their  explosion  and  oxidizing  chara- 
teristics.  Of  the  remaining  ten  compounds , 
ammonium  acid  carbonate,  boric  acid,  and  potassium 
acid  oxalate  have  such  limited  water  solubility  that 
they  are  not  practical. 

After  the  above  eliminations,  the  remaining  seven 
candidates  are  ammonia  bifluoride  (AH=99.6), 
sodium  bifluoride  (AH=90) , cyanamide  (AH=84.6), 
ammonium  chloride  (AH=76.5),  ammonium  thiocyanate 
(AH=74.6),  ammonium  oxalate  hydrate  (AH=81) , and 
potassium  acid  fluoride  (AH=88.4). 

It  is  doubtful  if  the  full  heat  of  solution  value  is 
obtainable  without  inordinate  mixing.  Reference  5 
gives  121  Kcal/kg  over  the  temperature  range  of  -12 
to  about  5°C  as  the  highest  fusion  plus  solution 
cooling  obtained  from  any  of  the  salt  mixtures 
studied.  This  value  was  for  a mixture  of  30  g. 

KHF2  in  100  g.  of  water.  The  heat  of  solution  of 
KHF 2 at  30  g.  was  not  given,  but  at  20  g.  is  73.4 
Kcal/kg.  The  value  at  30  g.  should  be  lower,  probably 
about  67  Kcal/kg.  This  value  plus  78.7  Kcal/kg  for 
the  average  measured  fusion  of  water  equals  about 
146  Kcal/kg  — 25  Kcal/kg  more  than  was  actually 
obtained.  However,  the  121  Kcal/kg  obtained  is  still 
greater  than  the  78.7  Kcal/kg  obtained  from  water 
alone. 


>1 

4-> 

i — 1 *H  i — I 

o -h  e 

X3  -H 
O X!  o 
U 3 o 
i — I H i — I 

< O \ 
CO  tn 


ro  co  cm 

O O ^ O « 

CM  CM  o O CM  n 

Z Z ro  cm  m O <M 

VO  CO  Z Z Z Z 

ffi  in  ffi  CM  CM 

CM  co  m m n K m 

u u u u u u o 


•'S' 

ro  O 

O cm  co  CM  CM  co 

Utl  rHOOUS  coco 

mm  uismmuoo 

mm  mmmmm  ou 

z z z z z z z m z 


o 

4-> 

•p 

3 

Id 

P 

c 

T* 

0 

0 

0 

-p 

XI 

x: 

3 

p 

•H 

O 

G 

3 

P 

TS 

0 

0 

o 

3 

o 

O 

•H 

+J 

+J 

■p 

>i 

3 

P 

id 

•H 

id 

O 

iH 

O 

P 

P 

r—t 

O 

*P 

M-t 

rH 

-p 

4-1 

3 

•H 

O 

•P 

x: 

-H 

•H 

X 

x: 

id 

X! 

O 

c 

G 

o 

4-1 

see 

3 3 3 

-H  *H  -H 
G C C 

o o o 


k k 


3 IJ  'H 
■H  U) 

COW 
O -P  3 
g P -P 

goo 


LE  VI  (Cont'd 


! 

| 

i 


As  an  additional  possible  advantage  of  using  the 
salt  over  the  equivalent  weight  of  ice  is  that  the 
salt  is  more  dense  than  the  ice  and  would  require 
less  volume. 

The  safety  of  each  of  the  seven  candidates  was 
examined.  Details  from  reference  2 are  in 
Appendix  II.  Of  the  seven,  only  ammonium  chloride 
appears  safe.  Cyanainide  is  safe  until  heated  to 
decomposition  (probably  285°F)  or  exposed  to  acid 
when  it  will  emit  toxic  fumes.  Ammonium  thiocyanate 
decomposes  at  170°C  and  at  decomposition  or  exposed 
to  acid,  will  emit  highly  toxic  fumes.  Ammonium 
oxalate  hydrate  is  corrosive  and  decomposes  easily, 
emitting  toxic  fumes.  Potassium  acid  fluoride  is 
corrosive  and  decomposes  at  about  225°C  instead  of 
melting.  Ammonium  bifluoride  melts  at  125. 6°C,  with 
no  boiling  point  given.  Both  of  these  salts,  plus 
sodium  bifluoride  for  which  no  melting  or  boiling 
points  are  available,  w'ill  emit  toxic  fumes  when 
exposed  to  acid,  or  when  decomposed. 


2.3.2  Dual  Coolan t Systems 


The  dual  coolant  systems  examined  were  methanol- 
carbon  dioxide,  and  ammonia-carbon  dioxide. 

The  methanol  has  a 284  Kcal/kg  heat  of  evaporation 
at  0°C,  which  is  3.5  times  greater  than  the  heat  of 
fusion  of  water.  However,  methanol  is  moderately 
dangerous  due  to  its  f lammability . Its  explosion 
limits  range  from  7.3  to  36.5%  by  volume  when  mixed 
with  air  and  exposed  to  a spark. 

Ammonia  has  a 327.2  Kcal/kg  heat  of  vaporization  at 
-33.4°C,  which  is  4.1  times  greater  than  the  heat  of 
fusion  of  water.  However,  ammonia  is  moderately 
dangerous  due  to  its  flammability.  Its  explosion 
limits  range  from  16  to  25%  by  volume. 

Carbon  dioxide  has  a heat  of  sublimation  of  137  Kcal/kg 
at  -78°C,  and  is  safe  to  use.  Carbon  dioxide  alone 
is  an  attractive  substitute  for  ice,  but  combined  with 
either  methanol  or  ammonia  is  more  attractive. 


I 


Methanol  has  a vapor  pressure  of  only  40  mm  at 
5°C  (Ref.  lb),  so  it  is  not  practical. 

Ammonia  has  a vapor  pressure  at  4.7°C  of  5 atm; 
at  -18.7°C,  2 atm;  and  at  its  boiling  point  of 
-33.4°C,  a vapor  pressure  of  1 atm.  (Ref.  lc) . 

i 

I Carbon  dioxide  has  a vapor  pressure  at  5.9°C  of 

40  atm;  at  -18.9°C  of  20  atm;  at  -39.5°C  of  10  atm; 
and  at  -78.2°C  of  1 atm.  (Ref.  Id). 

The  cooling  from  various  ratios  of  ammonia  to  carbon 
dioxide  can  be  calculated,  but  the  calculations  are 
academic,  since  the  ratios,  if  any,  which  are  safe 
are  not  known.  To  establish  a basis  for  cooling 
comparisons,  a reasonable  mole  ratio  of  0.8  for 
ammonia  to  carbon  dioxide  was  used.  This  system 
has  an  effective  phase  change  cooling  of  .182  Kcal/kg, 
found  from  the  heat  of  sublimation  of  carbon  dioxide 
at  -78°C  of  137  Kcal/kg,  and  the  heat  of  vaporization 
of  ammonia  at  -33.4°  C of  327.2  Kcal/kg. 

Table  VII  gives  the  weights  of  ammonia  and  carbon 
dioxide  needed  to  achieve  252  Kcal/hr  (.1000  Btu/hr) 
or  605  Kcal/hr  (2400  Btu/hr)  for  1,  2 and  4 hours. 

For  example,  a total  coolant  weight  of  only  1.38  Kg 
or  3.05  pounds  is  needed  to  achieve  252  Kcal  or  1000 
Btu  of  cooling.  This  is  a 56%  decrease  in  the  weight 
of  ice  needed  for  equivalent  cooling. 

The  safety  aspects  of  this  ammonia-carbon  dioxide 
mixture  were  examined  theoretically,  using  a number 
of  assumptions.  Since  this  system  appears  so  at- 
tractive as  a coolant,  the  safety  aspects  should  be 
laboratory  checked.  A brief  discussion  of  the 
laboratory  work  needed  is  given  in  Section  5. 

If  the  separate  ammonia  and  carbon  dioxide  gas 
streams  for  the  0.8  mole  ratio  are  permitted  to  mix 
and  flow  freely  in  a static  air  atmosphere,  theo- 
retically, this  mixture  is  explosive,  i.e.  ignited 
about  18  cm  from  the  vent  port. 

In  doing  this  calculation,  the  following  assumptions 
were  made.  The  gases  behaved  ideally,  and  the  condi- 
tions just  outside  the  exit  port  were  1 atm  pressure 
at  140°F  (333°K) . Both  carbon  dioxide  and  ammonia 
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left  the  exit  port  together  at  the  0.8  mole  ratio 
and  at  2 atm  pressure,  thus  enabling  them  to  flow 
easily  against  .1  atm  of  atmospheric  pressure.  At 
4°C,  the  vapor  pressure  of  ammonia  is  about  5 atm, 
and  that  of  carbon  dioxide  is  about  40  atm.  Hence, 
obtaining  adequate  pressure  for  an  exit  flow  would 
be  possible.  However,  obtaining  the  gases  at  the 
0.8  mole  ratio  when  their  natural  mole  ratio  is 
0.125  would  require  engineering  skill.  Both  carbon 
dioxide  and  ammonia  were  assumed  to  diffuse  from 
the  exit  port  with  a concentration  gradient  of 
-8  x 10“  1 mole/cm' /cm.  The  coolant  apparatus 
wearer  was  assumed  to  be  stationary,  with  no  wind 
blowing . 

Table  VIII  shows  the  concentration  of  gases  from 
4.9  to  20  cm  from  the  exit  port.  For  the  initial 
distance  of  4.9  cm,  which  describes  a 0.5  liter 
volume,  the  assumption  was  made  that  all  of  the 
volume  was  occupied  by  the  ammonia- carbon  dioxide 
mixture,  with  no  air  present.  This  is  a reasonable 
assumption  since  the  gases  are  exiting  at  2 atm  of 
pressure . 

To  obtain  the  data  at  the  8 cm  distance,  the  volume 
percentage  of  ammonia  and  carbon  dioxide  after  their 
initial  concentrations  were  reduced  by  the  concentra- 
tion gradient,  were  calculated  for  the  shell  of  a 
sphere  with  an  inner  radius  of  7.9  cm  and  an  outer 
radius  of  8.0  cm.  The  unaccounted  for  additional 
volume  in  the  shell  was  assumed  to  be  80?.  nitrogen 
and  20%  oxygen. 

The  last  column  in  TABLE  VIII  gives  the  volume  per- 
centage ratio  of  ammonia- to-oxygen . When  this  ratio 
is  between  0.95  and  1.67,  the  mixture  is  explosive 
if  ignited.  This  range  was  determined  from  safety 
data  that  states  that  16  to  25%  by  volume  of  ammonia 
in  air  is  explosive,  and  by  assuming  air  to  be  20% 
oxygen  by  volume.  TABLE  VIII  indicates  that  around 
18  cm  from  the  vent  port,  a theoretically  explosive 
ratio  of  ammonia-to-oxygen  exists. 
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Si 


2 . 4 One  Non-Phase  Change  Process 

Two  different  non-phase  change  processes  were 
considered  — the  warming  of  a cold  substance, 
and  the  expansion  cooling  of  a gas. 

The  cold  substances  warmed  from  their  phase  change 
temperature  to  4°C  were  an  ammonia-carbon  dioxide 
0.8  mole  ratio  mixture,  carbon  dioxide,  ammonia, 
and  nitrogen.  The  warming  alone  of  any  of  these 
materials  is  not  attractive. 

The  gas  expansions  examined  were  for  the  same  sub- 
stances as  were  warmed,  plus  Freon-21.  Kith  expansion 
efficiencies  of  about  605,  cooling  is  modest. 


2.4.1  Warming  of  Substances 

The  heat  of  warming  between  the  phase  change  tempera- 
ture and  4°C  was  calculated  (Ref.  25)  from  equation 

(1)  . 


i 

i 

i 


(1)  AH  = 


cp  dt 


(a  + bT  + 


cT^ ) dt 


where  AH  is  the  heat  required  to  raise  1 mole  of  the 
gas  from  the  phase  change  temperature  T^  to  4°C,  T2  ; 

C is  the  molar  heat  capacity  at  constant  pressure  ; and 
a7  b,  and  c are  the  heat  capacity  coefficients. 

Table  IX  summarizes  the  warming  values  for  each  sub- 
stance. None  is  impressive,  but  if  the  warming  is 
combined  with  a phase  change,  it  would  make  a nice 
addition. 

Calculations  for  pure  ammonia  were  included  since 
the  results  were  needed  for  the  ammonia- carbon  dioxide 
mixture  system.  Pure  ammonia  is  not  recommended  as 
the  coolant. 
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2.4.2  Expansion  Cooling  of Substances 

The  expansion  of  ammonia,  carbon  dioxide,  ammonia- 
carbon  dioxide  at  0.8  mole  ratio,  nitrogen,  and 
Freon-21  were  examined.  Calculations  were  done 
for  pure  ammonia  only  because  the  results  were 
needed  for  calculations  on  the  ammonia- carbon 
dioxide  mixture.  The  most  extensive  calculations 
were  for  nitrogen,  since  it  behaves  as  an  ideal 
gas.  Even  under  extreme  conditions  and  100%  ef- 
ficiency, as  are  discussed  in  detail  in  this  section, 
the  cooling  obtained  from  the  expansion  of  nitrogen 
is  only  43  Kcal/kg.  Since  the  efficiency  of  ex- 
pansion is  probably  only  about  603,  expansion  of 
the  gases  results  in  modest  additional  cooling. 


The  cooling  obtained  by  expanding  an  ideal  gas,  as 
exemplified  by  nitrogen,  from  an  initial  contained 
volume  to  a final  contained  volume,  with  the  initial 
volume  at  pressures  of  700,  1400,  or  2100  psi,  for 
various  initial  gas  temperatures,  and  the  final 
volume  at  14.7  psi  or  1 atm  pressure  was  examined. 

The  pressure  of  700  psi  is  typical  of  the  pressure 
in  a small  lecture  sized  bottle  of  nitrogen.  The 
2100  psi  pressure  is  close  to  the  pressure  in  a full 
sized  nitrogen  cylinder.  Because  of  the  possibility 
of  obtaining  the  nitrogen  from  liquid  nitrogen, 
initial  temperatures  from  4 to  -195°C  were  examined. 
All  data  assume  100%  efficiency. 

The  cooling  obtained  from  an  expanding  gas  can  be 
calculated  from  its  initial  and  final  temperature. 

To  obtain  the  final  temperature  of  the  gas,  the 
initial  temperature  and  initial  and  final  volumes  of 
the  gas  must  be  known.  To  obtain  the  final  volume 
of  the  gas,  the  initial  and  final  pressures  of  the 
gas  (which  can  be  given  as  the  working  conditions) 
must  be  known. 

The  cooling  obtained  was  first  calculated  for  a range 
of  initial  gas  temperatures  at  a constant  initial 
pressure.  Then  the  cooling  obtained  was  calculated 
for  a range  of  initial  pressures  at  a constant 
initial  temperature.  For  all  calculations,  the 
nitrogen  gas  was  assumed  to  undergo  reversible 
adiabatic  expansion. 


For  the  first  set  of  calculations,  the  initial 
pressure  was  700  psi,  and  the  initial  temperature 
varied.  For  an  initial  pressure  of  700  psi,  the 
initial  molar  volume  is  0.5  liter,  consistent  with  100 
liter  of  N2  (STP)  being  contained  in  a 700  psi 
lecture  bottle.  Setting  the  final  pressure  at 
1 atm  or  14.7  psi,  (actually,  the  final  pressure 
should  be  somewhat  greater  than  1 atm  so  that  the 
second  chamber  can  be  vented  easily  to  the  atmos- 
phere) the  final  molar  volume  is  7.9  liters.  The 
final  volume  was  calculated  (Ref  . 25)  from 
Equation  ( 2 ) . 


(2) 


PlV  = 


p v Y 
2V2 


where  P^ , P2  are  the  initial  and  final  pressures, 
respectively;  Vg  and  Y72  are  the  initial  and  final 
molar  volumes,  respectively;  and  is  the  ratio  of 
tlu‘  molar  heat  capacity  at  constant  pressure  to  the 
molar  heat  capacity  at  constant  volume.  For  nitrogen, 
y is  1.40.  For  th : s particular  example,  Pg_=  700  psi 
= 47.6  atm;  P2  = 1 atrr.,  = 0.5  liter,  and  V 2 is 
to  be  determined.  V is  7.9  liters. 

With  a knowledge  of  V.  and  V2,  the  temperature  after 
expansion  was  calculated  as  a function  of  various 
initial  temperatures,  using  Equation  (3). 

(3)  Cv  In  T2/T1  = -R  In  V2/Vg 

Where  Cv  is  the  molar  heat  capacity  at  constant 
volume,  T2  and  are  the  final  and  initial  tempera- 
tures, respectively;  and  R is  the  gas  constant. 

For  nitrogen,  Cv  is  4.95  cal/deg  mole  at  25°C.  For 
this  example,  V2  = 7.9  liters,  V,  = 0.5  liter, 

R = 1.987  cal/deg  mole;  Tg  was  4^C,  or  -50°C,  or 
-100°C,  or  -195. 8°C;  and  1’2  was  the  unknown. 

Table  X shows  the  resultant  final  temperatures  for 
the  various  initial  temperatures. 
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Table  X also  shows  the  cooling  obtained  from  the 
adiabatic  expansion  from  Tj  and  T2  for  nitrogen 
with  an  initial  pressure  of  700  psi,  or  47.6  atm 
to  a final  pressure  of  1 atm.  This  cooling  was 
obtained  by  calculating  the  reversible  work  done 
in  the  expansion  from  Equation  (4) 


(4) 


W_ 


rev 


Cy  d t 


Table  X shows  that,  as  the  initial  temperature 
decreases,  the  work  obtained  from  the  expansion, 
or  the  heat  the  expanding  gas  can  absorb,  decreases. 


Keeping  the  initial  temperature  constant  and  varying 
the  initial  pressure,  the  following  obtains.  Using 
the  condition  T-,  = 4°C  with  P = 1400  or  2100  psi, 

T2  and  the  resultant  Wrev  were  calculated.  Table  XI 
summarizes  the  results. 


As  Table  XI  shows,  increasing  the  initial  pressure 
does  increase  the  cooling  obtained;  but,  the  cooling 
rates_are  modest.  Using  a rather  extreme  case  with 
a V2/V1  ratio  of  200  (at  2100  psi,  V2/V-,  was  34  at 
most)  and  an  initial  temperature  of  4°C,  the  cooling 
work  obtained  would  be  43  Kcal/kg.  Using  this  cool- 
ing rate.  Table  X.II  shows  the  weight  of  nitrogen 
required  to  achieve  25 2 Kcal  (1000  Btu) , or  605  Kcal 
(2400  Btu)  of  coding  for  1,  2,  or  4 hours  is  prohib- 
itively large. 


Almost  6 Kg  (13  lbs)  of  nitrogen  is  needed  to  obtain 
252  Kcal  (1000  Btu)  of  cooling  for  1 hour. 

For  the  other  gases,  the  expansion  work  for  initial 
conditions,  generally,  of  P^  = 47.6  atm,  Vj_  = 0 .5  liter, 
and  T^  = 4°C,  at  100%  efficiency  was  calculated.  The 
exact  conditions  and  results  are  given  in  Table  XIII. 

For  the  various  gases,  the  thermodynamic  constants 
were  obtained  from  references  25  and  26.  For 
convenience,  they  are  summarized  in  Appendix  III. 

For  the  0.8  mole  ratio  ammonia-carbon  dioxide  system, 
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TABLE  XII 


I 


the  expansion  work  was  estimated  from  that  of  the 
two  parent  systems  using  the  values  of  21.5  Kcal/kg, 
or  1.10  Kcal/mole  for  carbon  dioxide,  and 
63.7  Kcal/kg  or  1.08  Kcal/mole  for  ammonia. 

Table  XIII  also  summarizes  the  probable  efficiency 
of  the  various  expansions.  The  probable  expansion 
efficiences  were  calculated  (Ref.  26)  from  equation  (5) 


(5)  Efficiency  % = 100  (1- ) 

A VY  =1 

where  AV  is  the  ratio  of  final  to  initial  volume, 
and  y is  the  ratio  of  the  molar  heat  capacity  at 
constant  pressure  to  that  at  constant  volume.  The 
initial  and  final  volumes  are  given  in  Table  XI. 

To  check  Equation  (5) , it  was  used  to  calculate 
the  efficiency  in  the  expansion  cycle  of  a diesel 
engine  for  an  ideal  gas  ( y=  1.4)  when  the  volume 
ratio  is  the  usual  5.  The  efficiency  was  47.5%, 
or  the  loss  was  52.5%.  Perry  (Ref.  28)  states 
that  the  loss  due  to  throttling  from  the  adiabatic 
liquif ication  of  air  is  42.9%.  The  two  numbers  are 
in  approximate  agreement.  Thus,  Equation  (5)  is 
probably  satisfactory  for  an  initial  estimate. 

The  expansion  cooling  is  modest.  If  expansion  cooling 
can  be  coupled  with  a phase  change,  it  would  make  a 
nice  addition. 


2 . 5 A Non-Ph ase  P ro ce ss (qs ) _ Combined  With  a Phase  C ha n g e 
For  One  or  More  Compounds 

The  combining  of  a phase  change  with  warming  of  the 
coolant  to  4°C,  followed  by  expansion  cooling  of 
the  gas  for  five  substances  was  examined.  The  sub- 
stances include  ammonia,  carbon  dioxide,  an  0.8  mole 
ratio  mixture  of  ammonia  to  carbon  dioxide,  nitrogen, 
and  Freon-21. 

Ammonia  was  included  in  the  calculations  because  the 
results  were  needed  for  calculations  on  the  ammonia- 
carbon  dioxide  system.  A pure  ammonia  coolant  is 
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not  recommended  because  of  safety  hazards. 

In  all  cases,  the  final  expansion  cooling  is  not 
weight  effective. 

Below  is  the  cooling  obtained  from  the  phase  change 
and  warming  to  4°C  for  the  three  systems  recom- 
mended for  consideration. 


1. 

Ammonia-carbon  dioxide 
0.8  mole  ratio  of  NIIj/CO^ 

198.5 

Kcal/kg 

2. 

Carboxi  dioxide 

153.0 

Kcal/kg 

3. 

Nitrogen 

95.3 

Kcal/kg 

As  reference,  the  cooling  obtainable  from  ice  melting 
at  0°C  and  the  resultant  water  warming  to  4°C  is 
83.73  Kcal/kg. 

The  ammonia-carbon  dioxide  system  has  a possible  fire 
hazard  associated  with  it  which  should  be  laboratory 
tested.  Such  is  discussed  in  the  final  Section  5. 
The  nitrogen  system  presents  such  a small  improvement 
over  the  present  system  that  the  redesign  needed  to 
incorporate  nitrogen  instead  of  ice  is  probably  not 
warranted.  The  carbon  dioxide  system  is  an  improve- 
ment over  the  present  ice  system,  and  has  no  serious 
problems  associated  with  it. 

Below  is  the  weight  of  coolant  needed  to  achieve 


252 

Kcal  or  1000  Btu  of  cooling 

for  ( 

one 

hour . 

»V 

1. 

Ammonia-carbon  dioxide 

1.27 

Kg 

(2,80 

lbs) 

2. 

Carbon  dioxide 

1.65 

Kg 

(3.64 

lbs) 

► 

3. 

Nitrogen 

2.6  4 

Kg 

(5.82 

lbs) 

• ♦ 

Reference  Ice 

3.01 

Kg 

(6.64 

lbs) 

2.5.1  Ammonia-Carbon  Dioxide  System 

The  0.8  mole  ratio  of  ammonia  to  carbon  dioxide 
system  will  provide  a heat  of  phase  transformation 
and  wai'ming  to  4°C  of  198.5  Kcal/kg.  The  expansion 
of  the  gases  at  4°C  to  obtain  additional  cooling  is 
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Eased  on  total  cooling  without  expansion. 


not  recommended  since  it  would  probably  add  only 
an  additional  20.1  Kcal/kg,  and  the  hardware  needed 
would  not  make  this  increase  weight  effective. 

For  the  0.8  mole  ratio  system,  its  effective  phase 
change  cooling  is  182  Kcal/kg,  found  from  137  Kcal/kg 
for  the  heat  of  sublimation  of  carbon  dioxide  at 
-78°C,  nd  327.2  Kcal/kg  for  the  heat  of  vaporization 
of  ammonia  at  -33.4°C. 

The  composite  warming  value  for  the  0.8  mole  ratio  is 
16.5  Kcal/kg.  This  was  found  by  knowing  1 Kg  of  the 
0.8  mole  ratio  mixture  will  contain  17.36  moles  of 
carbon  dioxide,  and  13.88  moles  of  ammonia,  and  that 
the  heat  required  to  raise  carbon  dioxide  from  -78  to 
4°C  is  16  Kcal/kg,  and  the  heat  required  to  raise 
ammonia  from  -33.4  to  4°C  is  18.17  Kcal/kg. 

The  probable  cooling  work  obtainable  from  the  expan- 
sion of  this  system  (Section  2.4.2)  is  20.1  Kcal/kg, 
or  only  10.1%  of  the  cooling  already  obtainable  from 
the  phase  transitions  and  warming.  The  hardware 
needed  to  control  this  expansion  will,  in  all 
probability  make  the  expansion  refinement  weight 
ineffective . 


Table  XIV  summarizes  these  and  other  data  which  will 
be  referred  to  in  this  section. 


2.5.2  Carbon  Dioxide  System 


The  sublimation  of  solid  carbon  dioxide  and  the 
warming  of  the  resultant  gas  to  4°C  will  yield 
153  Kcal/kg  of  cooling.  Additional  expansion  of 
the  gas  under  proper  conditions  will  not  yield  suf- 
ficient additional  cooling  to  warrant  its  inclusion, 
even  if  carbon  dioxide  did  not  condense  under  the 
initial  expansion  conditions. 

The  sublimation  of  solid  carbon  dioxide  yields 
137  Kcal/kg,  and  its  warming  from  -78  to  4°C  yields 
an  additional  16  Kcal/kg. 

The  probable  cooling  obtained  from  expansion  is 
14.6  Kcal/mole.  However,  under  the  expansion 
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conditions  suggested  of  P^  = 47.6  atm,  = 4°C, 
carbon  dioxide  is  in  liquid  form  (Ref.  29). 

Modifying  the  initial  temperature  and  pressure 
conditions  so  that  carbon  dioxide  is  a gas  decreases 
the  expansion  work.  Consequently,  the  inclusion  of 
expansion  with  the  phase  change  and  warming  is  not 
recommended . 


2.5.3  Nitrogen  System 

The  cooling  available  from  vaporizing  and  warming 
the  nitrogen  to  4°C  is  95.3  Kcal/kg.  The  incre- 
mental cooling  obtainable  from  expanding  the  nitrogen 
is  estimated  to  be  21.9  Kcal/kg,  and,  as  such,  is 
probably  not  weight  effective. 

The  probable  cooling  obtained  by  expansion  is 
21.9  Kcal/kg,  which  represents  a 23%  increase  to 
the  95.3  Kcal/kg  available  from  the  vaporization 
and  warming.  As  with  the  previous  systems,  this 
increase  to  the  cooling  from  the  expansion  is 
probably  not  weight  effective,  when  considering 
the  hardware  needed. 


2.5.4  The  Ammonia  System 

Data  for  the  ammonia  system  are  presented  in  Table  XIV 
for  reference  purposes.  A pure  ammonia  system  is  not 
recommended  because  of  safety  reasons,  even  though 
ammonia  is  a most  attractive  coolant. 


2.5.5  Freon- 21  System 

As  Table  XIV  shows,  the  cooling  from  Freon-21  is  too 
low  to  warrant  further  discussion. 


3 . 0 LOGISTICS  OF  MOST  PROMISING  SYSTEMS 

The  most  promising  systems  are  the  following  combining 
a phase  change  with  warming: 
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ammonia-carbon  dioxide  mixture 
(All  = 19  8.5  Kcal/kg)  0.8  mole  ratio 

pure  carbon  dioxide  (AH  = 153  Kcal/kg) 

pure  nitrogen  (A1I  = 95.3  Kcal/kg) 

Of  these  three,  the  first  must  be  laboratory  tested  for 
safety.  The  others  are  safe,  and  all  three  have  reasonable 
logistics. 

A less  promising  system,  but  one  which  should  be  considered 
is  the  inclusion  of  a water  soluble  salt  with  ice.  Of 
the  water  soluble,  non-explosive  salts  with  reasonable 
heats  of  solution,  only  ammonium  chloride  with  a heat  of 
solution  of  76.5  Kcal/kg  appears  completely  safe. 

Ammonium-,  potassium-,  and  sodium-bifluoride  have  attractive 
cooling  properties  but  their  safety  is  questionable.  The 
largest  combined  heat  of  fusion  and  heat  of  solution  of  the 
three  is  121  Kcal/kg  for  potassium  bifluoride. 


3 . 1 Phase  Change  and  Warming  Systems 

In  all  three  systems  discussed  in  this  section,  the 
coolant  undergoes  a phase  change,  then  is  warmed 
to  4°C.  The  three  systems  are  ammonia-carbon 
dioxide,  carbon  dioxide,  and  nitrogen.  The  Freon-21 
system  was  discarded  for  being  too  ineffective. 

The  logistics  of  the  ammonia-carbon  dioxide  system 
look  reasonable  except  for  the  possible  fire/explosion 
hazard  presented  by  the  vented  ammonia  vapor.  It 
is  recommended  that  this  possible  hazard  aspect  of 
the  system  be  laboratory  examined.  A brief  outline 
of  this  examination  is  given  in  Section  4. 

A pure  carbon  dioxide  system  should  present  no 
serious  logistics  or  safety  problem  in  that  it  is 
readily  available,  inexpensive,  stores  moderately 
well,  can  be  contained  by  many  materials,  and  yields 
no  health,  safety  or  environmental  problems. 

The  nitrogen  system  should  present  no  serious 
logistic  problems  except  possibly  in  remote  areas 
where  liquid  nitrogen  may  not  be  available. 
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3.1.1  Ammonia-Carbon  Dioxide  System 

Both  anhydrous  ammonia  under  pressure  as  a satu- 
rated liquid,  and  solid  carbon  dioxide  or  dry  ice 
are  readily  available.  The  pressurized  ammonia 
can  be  stored  for  extended  periods,  and  could 
either  be  stored  in  a central  storage  tank,  or, 
preferably,  in  the  suits  themselves. 

The  cost  of  anhydrous  ammonia  (in  Cleveland)  in 
truckload  quantities  (4500  Kg  or  10,000  lbs)  is 
$0. 082/Kg  or  $0. 18/lb,  and  for  1-3  cylinders 
(68  Kg  or  150  lbs  each)  is  $ 0.2  0/Kg  or  $0.4  4/,lb. 
Sometimes  cylinders  have  initial  deposit  charges 
of  $30  to  $40,  plus  demurrage  costs  of  about 
$0.10/day  if  not  returned  in  30  days.  Added  to 
the  cost  of  ammonia  would  be  the  cost  to  liquefy 
and  store  the  ammonia  for  ready  use. 

The  cost  of  dry  ice  in  Cleveland  is  $0,018  to 
$0. 027/Kg  or  $0.04  to  $0. 06/lb  for  a 23  Kg  or  50  lb 
block  and  is  rather  insensitive  to  weight  purchased. 
It  is  easily  cut  or  formed  to  any  shape,  and  stores 
rather  well  in  an  appropriate  dry  ice  chest.  Fifty 
to  100  pounds  will  keep  for  about  one  week . Its 
vapor  pressure  is  760  mm  at  -78°C,  400  mm  at  -86°C, 
100  mm  at  -100°C,  and  1 mm  at  -134°C.  Considering 
its  common  use,  it  is  probably  routinely  available 
at  many  installations. 

Assuming  both  the  ammonia  and  dry  ice  are  properly 
handled,  neither  should  be  problematic  for  charging 
the  suit. 

Since  ammonia  is  irritating  to  the  respiratory  tract, 
eyes,  and  moist  skin,  a rip  in  the  suit,  exposing 
the  ammonia  to  the  wearer,  could  cause  severe  dis- 
comfort as  well  as  a possible  cold  burn.  Should 


ammonia  somehow  feed  into  the  suit  wearer's 
breathing  support  system,  he  would  suffocate. 
Exposure  of  the  suit  wearer  to  dry  ice  would 
cause  a cold  burn,  and  possible  suffocation  if 
carbon  dioxide  gas  were  fed  into  the  breathing 
support  system  of  the  unit.  Proper  suit  design 
should  minimize  the  probability  of  these  problems. 

The  heat  exchange  system  must  be  balanced  to  permit 
the  carbon  dioxide  and  ammonia  to  vent  in  a proper 
and  safe  ratio.  The  ratio  of  0.8  ammonia  to  carbon 
dioxide  was  selected  because  it  is  an  attractive 
coolant.  Some  simple  laboratory  tests  are  needed 
to  determine  if  this  ratio  is  safe,  or  an  explosion 
hazard,  or  if  different  blends  would  be  even  more 
attractive  from  both  a cooling  and  a safety  stand- 
point. The  higher  the  ratio,  the  better  the  cooling 
but  probably  the  greater  the  explosion  hazard.  The 
simple  laboratory  tests  are  outlined  in  Section  4. 

There  is  a chemical  reaction  between  carbon  dioxide 
and  ammonia  to  form  ammonium  carbamate 


C00  + 2NH  > NH  COONH 

2 3 2 4 

which  can  be  decomposed  to  urea  and  water 


iJH2COONH4  >>  CO(NH2)2  + II  O. 


Industrially  (Ref.  30)  these  reactions  are  used  to 
produce  urea  for  fertilizers.  The  reaction  chamber 
is  at  200  atm  and  J85°C.  In  the  laboratory,  the 
carbamate  can  be  formed  from  a simple  mixture  of 
liquid  ammonia  with  powdered  dry  ice  (Ref.  31).  The 
carbamate  decomposes  at  59 °C,  releasing  ammonia. 

In  this  suggested  system,  the  liquid  ammonia  and  dry 
ice  reservoirs  are  to  be  separated,  vaporizing  into 
separate  lines  from  which  additional  cold  would  be 
extracted  until  each  gas  reached  4°C,  then  vented 
through  adjacent  nozzles  which  would  permit  mixing 
of  the  gases  to  prevent  a safety  hazard.  The  ques- 
tion is  whether  the  gases  mixing  in  this  manner  will 
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react  to  form  the  white,  powdery  carbamate  and 
possibly  clog  the  nozzles.  To  answer  this  ques- 
tion, carbon  dioxide  gas  and  ammonia  gas  from 
compressed  gas  tanks  we re  released  in  a laboratory 
hood  at  rates  comparable  to  those  coming  from  the 
proposed  cooling  unit  in  a manner  to  cause  the  two 
gas  streams  to  mix.  No  white  powder  or  other 
evidence  of  a reaction  was  visible.  However,  if 
the  gas  streams  were  trapped  in  a small  (0.5  liter) 
volume,  the  white  powder  did  form  on  the  walls  of 
the  container,  but  the  nozzles  remained  clear.  Thus 
complications  from  the  reaction  of  carbon  dioxide 
with  ammonia  should  not  be  expected  in  the  venting 
of  the  gases. 

The  materials  logistics  of  handling  carbon  dioxide 
as  dry  ice  sublimating  to  the  gas  and  liquid  am- 
monia vaporizing  to  the  gas  should  be  reasonably 
straight  forward.  A wide  range  of  materials  can  be 
used  for  the  containment  and  handling  of  each. 

Thus  materials  for  both  thermal  insulation  and  heat 
exchange  needs  are  available. 

Appendix  IV  summarizes  chemically  resistant  materials 
for  ammonia.  Further  detailed  information  for  both 
carbon  dioxide  and  ammonia  are  available  in  convenient 
form  in  Reference  32,  with  additional  detailed  informa- 
tion in  various  forms  in  Reference  33. 


3.1.2  Carbon  Dioxide  System 

Carbon  dioxide  should  present  no  serious  logistics  or 
safety  problem  in  that  it  is  readily  available,  in- 
expensive, stores  moderately  well,  can  be  contained 
by  many  materials,  and  yields  no  health,  safety  or 
environmental  problems.  The  logistic  details  for 
this  system  were  already  discussed  in  the  previous 
section . 


3.1.3  Nitrogen  Sys tem 

Liquid  nitrogen  is  reasonably  easily  handled  and 
stored,  and  commonly  available  in  industrial  areas. 
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For  2,000  liters/month  (54  Kg/day)  consumption, 
liquid  nitrogen  sells  for  $0. 18/liter  ($0. 222/Kg) 
in  Cleveland.  For  larger  volumes  of  19,000  liters/- 
month  (510  Kg/day) , the  cost  is  $0. 16/liter 
($0 . 0742/Kg) . The  equipment  rental  charge  for  on 
site  storage  is  $180/month  for  the  small  volume  and 
$800/month  for  the  large  volume. 

Materials  (Ref.  28)  that  are  both  strong  and  ductile 
at  low  temperatures  are  copper,  aluminum,  nickel, 
most  solid  solution  alloys  of  these  metals,  the 
austenitic  stainless  steels,  teflon,  mylar  (a  poly- 
ester) , and  fiber  reinforced  plastics. 

Nitrogen  presents  no  real  safety,  health,  fire/- 
explosion  or  environmental  danger  if  properly  used. 
Liquid  nitrogen  is  safe  to  handle  and  presents  no 
danger  if  contacted  by  a person  as  long  as  it  can 
roll  off  the  body  and  not  get  lodged.  If  liquid 
nitrogen  does  lodge  in  a cupped  hand,  for  example, 
it  will  cause  a burn.  Also,  if  excess  nitrogen 
somehow  is  fed  into  the  breathing  line  of  the  suit 
wearer,  it  can  cause  suffocation.  Properly  designed 
suits  or  packs  should  minimize  the  probability  of 
any  danger  from  the  nitrogen. 


3 . 2 Fusion  Plus  Solution  Systems 

In  this  system  a water  soluble  salt  is  added  to  the 
ice  so  that  a heat  of  solution  is  added  to  the  heat 
of  fusion.  The  only  completely  safe  salt  found  with 
a reasonable  heat  of  solution  was  ammonium  chloride. 

The  inclusion  of  ammonium  chloride  in  ice  yields 
no  cooling  advantage  over  a pure  water  system,  but 
does  yield  a volume  advantage  since  its  specific 
gravity  is  1.95  compared  to  0.917  for  ice  at  0°c. 

Of  the  three  fluoride  salts  studied  in  Ref.  5,  the 
one  yielding  the  greatest  combined  heat  of  fusion 
plus  heat  of  solution  was  potassium  bifluoride  at 
121  Kcal/kg.  However,  this  salt  is  corrosive,  and 
if  decomposed  about  225°C  or  exposed  to  acid  will 
emit  toxic  fumes.  The  suit  wearer  should  not  see 
temperatures  this  high,  so  the  chemical  may  be  given 
a reserved  recommendation. 

The  other  two  salts,  sodium-,  and  ammonium-bifluoride 
have  similar  safety  problems.  Consequently,  they 
may  be  given  reserved  recommendations  also. 
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All  three  fluoride  salts  are  articles  of  commerce 
and  available  in  large  quantities  for  about  $0. 40/lb. 
Though  corrosive,  containment  materials  are  available. 
Containment  materials  for  the  potassium  bifluoride 
(Ref.  32a)  are  stainless  steels  and  high  chrome 
steels;  for  the  sodium  bifluoride  (Ref.  32b),  copper, 
tin,  bronze,  aluminum  bronze,  monel,  rubber,  saran, 
and  karbate;  and  for  ammonium  bifluoride  (Ref.  32c) , 
high  chrome  steels,  stainless  steels,  worthite, 
durimet  20,  monel,  nickel,  and  inconel. 


RECOMMENDATIONS  AND  DISCUSSION 

Table  XV  lists  the  coolant  materials  which  are  reasonable 
for  consideration,  and  summarizes  any  limitations. 

Of  the  four  systems,  the  carbon  dioxide  one  seems  the 
least  troublesome,  and  is  an  83%  improvement  over  the 
heat  absorption  of  ice-water,  reducing  the  weight  of  ice 
coolant  needed  by  45%. 

The  ammonia-carbon  dioxide  system  has  the  most  attractive 
cooling,  but  a laboratory  check  on  its  safety  must  be 
done.  An  0.8  mole  ratio  of  ammonia  to  carbon  dioxide  is 
a 137%  improvement  over  the  heat  absorption  of  ice-water, 
reducing  the  weight  of  ice  coolant  needed  by  58%. 

The  cooling  obtained  from  the  nitrogen  system,  represents 
only  a 14%  improvement  over  the  ice-water  system,  reducing 
the  weight  of  ice  needed  by  only  12%^  The  engineering 
needed  to  change  from  an  ice  coolant  to  hTEfogen  will  not 
be  repaid  by  much  additional  cooling. 

The  potassium  acid  fluoride  salt  incorporated  into  ice 
will  yield  a 45%  improvement  in  heat  absorption  over 
ice-water,  reducing  the  weight  of  ice  coolant  needed 
by  31%.  The  salt  will  decompose  at  about  225°C  or  upon 
contact  with  acid,  releasing  toxic  fumes. 

To  check  the  safety  of  the  ammonium-carbon  dioxide 
system,  laboratory  testing  of  mixtures  of  the  gases  is 
recommended.  The  gases  are  obtainable  in  convenient 
form  at  measurable  pressures  in  cylinder  tanks.  With 
the  cylinders  sufficiently  removed  from  the  test  area, 
and  with  proper  valving  precautions,  the  gases  can  be 
made  to  flow  through  adjacent  nozzles  or  a burner  head 
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such  that  the  gas  streams  mix.  The  ratio  of  the  gases 
to  each  other  should  be  controlled  to  vary  from  mole 
ratios  of  ammonia  to  carbon  dioxide  of  about  0.5  to 
1.5,  through  ranges  of  flow  rates  and  pressures  that 
can  be  reasonably  expected  to  emerge  from  the  suit. 
Throughout  the  above  ranges  of  conditions,  this  mixture 
should  be  subjected  to  sparks  and  hot  wire  ignitors 
at  various  distances  from  the  nozzles  under  static  and 
breezy  conditions  to  determine  if  a fire  or  explosion 
hazard  does  exist.  Figure  2 shows  a conceptualization 
of  such  a test  setup.  The  test  chamber  is  a large 
cylinder,  open  at  both  ends  to  permit  a free  flow  of 
gases  and  air.  The  angle  of  the  inlet  nozzles  can  be 
changed  to  afford  different  types  of  mixing.  The  spark 
or  ignition  wire  assembly  is  movable  away  from  the 
nozzles . 

Throughout  this  study,  thought  was  given  to  how  compounds 
with  high  phase  change  enthalpy,  like  the  heats  of 
vaporization  of  the  alcohols , or  water,  might  be  useful 
as  a coolant  under  the  needed  conditions.  In  the  cases 
examined,  either  the  phase  change  temperature  was  too 
high,  or  the  compound  was  highly  flammable  or  toxic. 

For  the  compounds  with  inappropriate  phase  change  tempera- 
tures, the  nature  of  the  bonds  in  the  compounds  is 
generally  responsible  for  both  the  high  phase  change 
enthalpy,  plus  the  inappropriate  high  phase  change 
temperatures.  The  classic  example  is  water  with  its 
hydrogen  bonding.  Modifying  the  compound  to  reduce  a 
phase  change  temperature,  will,  in  all  probability, 
reduce  its  phase  change  enthalpy  below  an  attractive 
value . 

For  the  flammable  or  toxic  compounds  with  attractive 
phase  change  enthalpy  at  useful  temperatures,  the  problem 
becomes  one  of  identifying  why  the  compound  is  unsafe, 
and  attempting  to  modify  it  without  compromising  its 
cooling  properties.  Such  a study  is  beyond  the  scope  of 
this  program,  but  might  represent  the  nucleus  for 
another  program. 
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APPENDIX  I 


DETAILED  SAFETY  DATA  ON  COMPOUNDS  IN  TABLE  I 


AMMOM  \MIVDROLS 

General  Information 

Synonym;  Ammonia  pas. 

Description:  Colorless  fas.  extremely  pungent  odor,  liquefied 
by  compression. 

Formula:  NHj. 

Constants:  Mol  M 17.03.  nip:  -77.7*C.  bp:  -3J.35*C. 
lei:  l6Cr.ucl:  25'c.d  0.771  g/liler  at  0*C.  0.817  g/ml  at 
-7 VC.  autoien  temp:  I2U-TF.  vap  press:  )0  atm 
at  25.7* C.  vap  d:  0.6. 

Hazard  Analysis 

Toxic  Hazard  Rating: 

Acute  Local:  Irritant  3:  Ingestion  3;  Inhalation  3. 

Acute  Systemic:  U. 

Chronic  Local:  Irritant  I. 

Chronic  Systemic:  U. 

TLV:  ACGIH  (recommended)  50  parts  per  million  in  air; 

35  milligrams  per  cubic  meter  of  air. 

Toxicology:  Irritating  to  eyes  and  mucous  membranes  of 
respiratory  tract.  Signs  and  symptoms  of  exposure  are 
irritation  of  the  eyes,  conjunctivitis,  swelling  of  the  eye- 
lids. irritation  of  the  nose  and  throat,  coughing,  dyspnoea 
and  vomiting.  Irritation  of  the  skin  may  be  experienced, 
especially  if  it  is  moist.  Corneal  ulcers  have  been  re- 
ported following  splashing  of  ammonia  water  in  the  eye 
(Section  I).  A common  air  contaminant  (Section  4). 

Fire  Hazard:  Moderate,  when  exposed  to  heat  or  flame. 

Spontaneous  Heating:  No.  Requires  high  concentrations  in 
air  before  it  catches  fire. 

Explosion  Hazard:  Moderate,  when  exposed  to  flame.  Forms 
explosive  compounds  in  contact  with  silver  or  mercury 
(Section  7).  ! 

Disaster  Hazard  Moderately  dangerous;  exposed  to  heat,  it 
emits  toxic  fumes. 

Countermeasures  i 

Ventilation  Control:  Section  2. 

To  F ight  Fire.  Stop  flow  of  gas.  carbon  dioxide,  dry  chemical 
or  water  spray  (Section  6). 

Personnel  Protection:  Section  3. 

Personal  Hygiene:  Section  3. 

First  Aid:  Section  I. 

Storage  and  Handling:  Section  7 

Shipping  Regulations:  Section  1 1. 

I.C.C.:  Nonflammable  gas;  green  label,  300  pounds. 

Coast  Guard  Classification:  Noninflammable  gas;  green 
gas  label. 

MCA  warning  Ijbcl. 

lATA:  Nonflammable  gas.  green  label,  not  acceptable  (pas- 
senger), 140  kilograms  (cargo) 


BITANK. 

(General  Information 

Synonyms:  N-Butane:  methylcthy Imethane,  butyl  hydride. 

Description:  Colorless  gas. 

Formula:  CH^CH.-CH^CH,.  j 

Constants:  Mol  wt:  553. 1 . bp:  -0.5*C\  fp.  -I3X  6*C.  : 

lei  uel:  8.5^.  flash  p ~76*F  (C.C.).  d 0 599. 

autoign.  temp.:  761*  F.  vap.  press.:  2 atm  at  18.8’C. 
vap.  d.:  2.046, 

Hazard  Analysis 

Toxic  Hazard  Rating: 

Acute  Local:  0. 

Acute  Systemic;  Inhalation  2. 

Chronic  Local:  U. 

Chronic  Systemic:  Inhalation  I. 

A general  purpose  food  additive  (Section  10). 

Caution:  Produces  drowsiness.  Simple  asphyxiant. 

Fire  Hazard:  Dangerous;  when  exposed  to  heat  or  flame. 

Spontaneous  Heating:  No. 

Explosion  Hazard:  Moderate,  when  exposed  to  flame 
(Section  1) 

Disaster  Ha/aid:  Moderately  dangerous;  when  heated  it 
emits  acrid  fumes;  can  react  with  oxidizing  materials. 

Countermeasures 

Ventilation  Control.  Section  2. 

To  l ight  Fire:  Carbon  dioxide,  dry  chemical  or  water  spray 
(Section  6). 

Storage  and  Handling:  Section  7. 

Shipping  Regulations:  Scctionll.  , 

I.C.C.:  Flammable  gas;  red  e.as  label.  300  pounds 
I AT  A : I I ammable  gas.  red  label,  not  acceptable  (pas-  , 
senger),  140  kilograms  (cargo). 

BUTANE 

Butane  mixtures,  and  mixtures  having  similar  properties 
contained  in  lighters,  candles,  heating  devices,  refill 
containers  and  similar  devices  each  not  exceeding 
65  grains  (2  3o/s) 

Shipping  Regulations:  Section  II. 

lATA:  Flammable  gas.  red  label.  0 6 kilogram  (passenger), 

12  kilograms  (cargo). 


T()\IC  HA/IXI.  H 41  ISC  (ODf.  (for  JsuitrJ </>w«vti«*.  ift  Section  l.i 


0 NONt  (j)  No  harm  under  .n\  vOmtition*.  (M  Harmful  only  under  u-.- 
t'ujt  condition*  or  overwhelming  do.aj’.e 

1 SI  l(»H  I (ju>e%  icjdd)  r«v»;r%iMc  change*  which  di*appv  jr  aher  cn  f 
of  exposure 


7 MODI  R Ml  Muv  involve  both  i::i>ei»;vr  j--1  icoi-iSV  > ’•  ■••■gc*. 

p »l  severe  enough  to  cajse  dt.eh  or  perm  jner  • i-( . • y 
y tllCitl  Mjv  c.ivi'e  de.ith  or  permanent  m,.  t)  j'ict  very  »» orr  v tpooirc 
to  small  quantities 
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3. 


KTIIYI.  Ad.l  AIK 

General  Information 

Synonym:  Acetic  ether;  cih>  1 ester;  cth>  1 cthanoale. 

Description:  Colorless  liquid;  fragrant  odor. 

Formula:  CII4COOC,Hs. 

Constants:  Mol  wt:  88.10,  mp:  -83.6* C.  bp:  77.|5’C, 

ulc:  85  90,  Id:  2.5%.  ucl:  9%.  Hash  p:  24*  F.  d:  0.8946  at 
25*  C,  autoign.  temp.:  800*  F,  vap.  press.:  100  mm  at 
27.0  C.  vjp.  d.:  3.04. 

Ila/ard  Analysis 

Toxic  Hazard  Rating: 

Acute  Local:  Irritant  I. 

Acute  Systemic:  Ingestion  2;  Inhalation  2;  Skin  Absorp- 
tion 2. 

Chronic  Local:  Irritant  I. 

Chronic  Systemic:  Ingestion  I;  Inhalation  I;  Skin  Ab- 
sorption I. 

TLV:  ACCilH  (recommended):  400  parts  per  million  in  air: 
1400  milligrams  per  cubic  meter  of  air. 

Toxicology:  1- thy  1 acetate  is  irritating  to  mucous  surfaces, 
particularly  the  eyes,  gums,  and  respiratory  passages 


and  is  also  mildly  narcotic.  On  repeated  or  prolonged 
exposures,  it  causes  conjunctival  irritation  and  corneal 
clouding.  It  can  cause  dermatitis.  High  concentra- 
tions have  a narcotic  clTcct  and  can  cause  congestion  of 
the  liver  and  kidneys.  Chronic  poisoning  has  been 
described  as  producing  secondary  anemia.  Icucocyiosis 
and  cloudy  swelling,  and  fatty  degeneration  of  the 
viscera.  Note:  Used  a>  a synthetic  flavoring  substance 
and  adjuvant  (Section  10). 

Lire  Hazard:  Dangerous,  when  exposed  to  heat  or  llamc; 
can  react  vigorously  with  oxidizing  materials. 

Spontaneous  Heating:  No. 

Explosion  Hazard:  Moderate,  when  exposed  to  llamc. 

Disaster  Hazard:  Dangerous,  upon  exposure  to  heat  or 
llamc. 

Countermeasures 

Ventilation  Control:  Section  2. 

To  Light  l ire:  Carbon  dioxide,  dry  chemical  or  carbon 
tetrachloride  (Section  6) 

Personnel  Protection:  Section  3. 

Storage  and  Handling:  Section  7. 

Shipping  Regulations:  Section  II. 

I.C.C.:  Flammable  liquid,  red  label.  10  gallons. 

Coast  Guard  Classification.  Inflammable  liquid;  red 
label. 

MCA  warning  label. 

IATA:  Hummable  liquid,  red  label.  I liter  (passenger), 
40  liters  (cargo). 
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FIMVL  ( III.ORIDK 

Central  Information 

Synonym*:  Chlorocthanc.  hydrochloric  ether,  muriatic 

ether. 

Description:  Colorless  liquid  or  gas;  ether  like  odor,  burn- 
ing taste. 

Formula:  CHjCH.CL 

Constants:  Mol  wt:  64.52,  bp.  I2.3*C,  lei.  3.8%,  ucl  15.4%, 
fp.  - 139*  C,  flash  p:  - 58*  F (C  C ).  d 0.9214  at 
0*/4*C.  autoign.  temp.:  966* P,  vap  press.:  1000 
mm  at  20’ C,  vap.  d..  2.22. 

Hazard  Analysis 

Toxic  Hazard  Rating: 

Acute  Local:  Irritant  I;  Ingestion  2;  Inhalation  2. 

Acute  Systemic:  Ingestion  2,  Inhalation  2. 

Chronic  l ocal  U. 

Chronic  Systemic:  U. 

TLV:  ACCilH  (recommended);  1000  ppm  in  air  2600  milli- 
grams per  cubic  meter  of  air. 

Toxicology:  1 he  liquid  is  harmful  to  the  eyes  and  can  cause 
some  irritation.  In  the  case  of  guinea  pig*,  the  symp- 
toms attending  exposure  arc  similar  to  those  caused  by 
methyl  chloride,  except  that  the  sj^ns  of  lung  irritation 
arc  not  as  pronounced  It  gives  some  warning  of  it\ 
presence  because  it  is  irritating,  but  it  is  possible  to 
tolerate  exposure  to  it  until  one  becomes  unconscious. 
It  is  the  lease  toxic  of  all  of  the  chlorinated  hydrocar- 
bons. It  can  cause  narcosis,  although  the  c Heels  arc 
usually  transient.  Animal  experiments  show  some  evi- 
dence of  kidney  irritation  and  accumulation  of  fat  due 
to  lb  is  material  in  the  kidneys,  cardiac  muscles  and 
liver. 

Fire  Hazard:  Highly  dangerous,  when  cxpo.ed  to  heat  or 
flame. 

Spontaneous  Heating:  No. 

Explosion  Hazard:  Severe,  when  exposed  to  llamc. 

Disaster  Hazard.  Highly  dangerous!  Keep  away  from  heat 
and  open  flame;  forms  phosgene  on  combustion;  reacts 
with  water  or  steam  to  produce  toxic  and  corrosive 
fumes; can  react  vigorously  with  cividi/ing  materials. 


Countermeasures 
Ventilation  Control:  Section  2. 

To  light  Fire:  Carbon  dioxide,  dry  chemical  or  carbon 
tetrachloride  (Section  6) 

Personnel  Protection  Section  3. 

Storage  and  Handling.  Section  7. 

Shipping  Regulations:  Section  1 1 

I C.C.:  Flammable  liquid;  red  label,  300  pounds  in  cyl- 
inders, 15  pound*  in  other  containers. 

Coast  Guard  Classification:  Inflammable  liquid,  ref. 
label. 

MCA  warning  label. 

IATA:  Hammable  liquid,  red  label,  not  acceptable  (pas- 
senger). 140  kilograms  (cargo). 
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5.  mivi  KNK  nicm.nKiDC 

General  Information 

Synonyms:  Ethylene  chloride;  1 ,2-dichloroelhanc. 

Description:  Colorless  liquid. 

Lormula:  CH..CICII,,CI. 

Constants:  Mol  wt:  99.0.  bp:  83. 5* C.  ulc:  60  70.  lei:  6.2%, 
uel:  15.9%.  fp:  -35.7‘C,  Hash  p.  5t>‘ L,  d:  1.257  at 
20‘/4*C,  auioign.  temp..  775*  F,  vjp.  press.;  100  mm 
at  29.4*  C,  vap.  d.:  3.35. 

H i /arc!  Analysis 

Toxic  Hazard  Rating: 

Acute  Local:  Irritant  3;  Ingestion  3;  Inhalation  3. 

Acute  Systemic:  Ingestion  3;  Inhalation  3. 

Chronic  Local:  Irritant  2. 

Chronic  Systemic:  Ingestion  3;  Inhalation  3;  Skin  Absorp- 
tion 2. 

TLV:  ACGIH  (recommended)  50  ppin  of  air;  200  milli- 
grams per  cubic  meter  of  air. 

Toxicology:  Lthylcnc  dichloride  has  a distinctive  odor  and 
strong  local  irritating  effects,  which  give  warning  of  its 
presence  in  relatively  safe  concentrations.  There  is 
irritation  of  the  eyes  and  upper  respiratory  passages. 
Lthylcne  dichloride  has  a specific  effect  on  the  cornea. 
Lxposure  to  the  vapor,  or,  in  animals,  injection  under 
the  skin,  produces  a clouding  which  may  progress  to 
endothelial  necrosis  and  infiltration  of  the  cornea  by 
lymphocytes  and  connective  tissue  cells.  I he  narcotic 
action  of  the  compound  is  strong,  probably  of  the  same 
order  as  chloroform.  Its  toxic  etkcu  upon  the  liver  and 
kidneys  arc  less  than  that  of  carbon  tetrachloride,  but 
animal  experiments  indicate  that  these  organs  may 
show  congestion  and  fatty  degeneration.  I dcnia  of  the 
lungs  has  also  been  reported  in  animals.  Dermatitis  in 
man  has  been  observed  (Section  9). 

In  short  exposures  to  high  concentrations,  the  picture 
is  one  of  irritation  of  the  eyes,  nose  and  throat,  fol- 
lowed by  dizziness,  nausea,  vomiting,  increasing  stupor, 
cy  anosis,  rapid  pulse,  and  loss  of  Consciousness. 

Chronic  poisoning,  where  exposure  has  occurred 
over  a period  of  several  months,  may  cause  loss  of  ap- 
petite. nausea  and  vomiting,  epigastric  distress,  tre- 
mors, nystagmus,  leucocytosix,  low  blood  sugar  icvcls, 
and  possibly  dermatitis  if  there  has  been  skin  contact.  A 
soil  fumigant.  Iked  as  a food  additive  permitted  in  food 
for  human  consumption. 

Lire  Hazard:  Dangerous,  if  exposed  to  heat  or  flame. 

Spontaneous  Heating:  No. 

Explosion  Hazard:  Moderate,  in  the  form  of  vapor  when  ex- 
posed to  flame  (Section  7). 

Disaster  Hazard.  Dangerous;  when  heated  to  decomposi- 
tion, it  emits  highly  toxic  fumes  of  phosgene:  can  react 
vigorously  w ith  oxidizing  materials. 

Countermeasure* 

Ventilation  Control:  Section  2.  ; 

To  fight  fire:  Water,  foam,  carbon  dioxide,  dry  chemical 
or  carbon  tetrachloride  (Section  6). 

Personnel  Protection:  Section  3. 

h irst  Aid:  Section  I . 

Storage  and  Handling:  Section  7. 

Shipping  Regulations:  Section  1 1. 

I.C.C.:  flammable  liquid;  red  label,  10  gallons. 

C oast  Guard  Classification:  Inflammable  liquid:  red  label. 
MCA  warning  Libel.  ’ 

I AT  A:  flammable  liquid,  red  label,  l liter  (passenger). 

40  liters  (carg.o). 


HYDROGEN 
General  Information 
Description:  Colorless  gas. 

Lormula;  H,. 

Constants:  Mol  wt:  2 0162.  mp:  -259.IKX.  bp 

~ 252.8* C.  Id:  4.1%.  ud.  74.2%,  d 0.0s99  g/lilcr, 
autoign.  temp.  I0S>*  L,  vjp  d : 0 009. 

Hazard  Analysis 
Toxic  Hazard  Rating: 

Acute  Local:  0 
Acute  Systemic:  Inhalation  L 
Chronic  Local:  0 
Chronic  Systemic  0. 

Radiation  Hazard:  Section  5.  For  permissible  level>.  see 
Table  000. 

Artificial  and  natural  isotope  MI  (tritium),  hall  hie 
12.3  y.  Decays  to  stable  Mfe  by  emitting  beta  particles 
of  0.018  McV.  Tritium  occurs  naturally  as  a result  of 
cosmic  ray  bombardment  of  deuterium. 

Lire  Hazard.  Highly  dangerous;  when  exposed  to  heat  or 
flame. 

Explosion  Hazard:  Severe,  when  exposed  to  boa!  or  flame 
Explosive  Range  4.1  74. 2'<. 

Disaster  lla/aid.  Dangerous;  can  react  vigorously  with 
oxidizing  materials 
Counter  measures 
Ventilation  Control:  Section  2 
Storage  and  Handling  Section  7. 

To  Light  Lire;  Carbon  dioxide  or  dry  chemical  (Section  6) 
Shipping  Regulations  Section  11 

I.C.C.:  flammable  gas;  red  gas  label,  300  pounds 

I.C.C.:  (Liquefied)  not  accepted 

Coast  Guard  Classification:  Inflammable  gas;  red  gas 
label. 

Coast  Guard  Classification  (Liquefied)  not  permitted. 

IATA:  flammable  pas.  red  label,  not  acceptable  (pas- 
senger). 140  kilograms  (cargo). 
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7 „ IlYDROr.HN  C lil.ORIDK.  Sec  hydrochloric  acid. 

Shipping  Regulations:  Section  II. 

I.C.C.:  Nonflammable  gas;  green  label,  300  pounds. 

Coast  Guard  Classification:  Noninflammablcgas;  green 
gas  label. 

MCA  warning  label. 

IATA:  Nonflammable  gas,  green  label,  not  acceptable 
(passenger).  1 40  k ilograms  (cargo). 

HYDROCHLORIC  ACII) 

General  Information 

Synonyms:  Muriatic  acid,  chlorobydric  acid;  hydrogen 
chloride. 

Description:  Colorless  gas  or  colorless,  fuming  liquid; 

strongly  corrosive. 

Formula:  HO. 

Constants:  Mol  wt:  36.47,  mp:  -114. 3*C,  bp:  -84.8" C, 
d.  1.639  g/litcr  (gas)  at  OX;  1.194  at  -36"C  (liquid), 
vap.  press.:  4.0  atm  at  I7.8*C. 

Hazard  Analysis 
Toxic  Hazard  Rating: 

Acute  Local:  Irritant  3;  Ingestion  3,  Inhalation  3. 

Acute  Systemic.  U. 

Chronic  Local:  Irritant  2. 

Chronic  Systemic:  U. 

TLV:  ACGIII  (recommended);  5 parts  per  million  in  air; 

7 milligrams  per  cubic  meter  of  air. 

Toxicology:  Hydrochloric  acid  is  an  irritant  to  the  mucous 
membranes  of  the  eyes  and  respiratory  tract,  and  a 
concentration  of  35  ppm  causes  irritation  of  the  throat 
after  short  exposure.  Concentrations  of  50  to  100  ppm 
are  tolerable  for  l hour.  More  severe  exposures  result 
in  pulmonary  edema,  and  often  laryngeal  spasm.  Con- 
centrations of  1,000  to  2,000  ppm  aie  dangerous,  even 
for  brief  exposures.  Mists  of  hydrochloric  acid  arc  con- 
sidered less  harmful  than  the  anhydrous  hydrogen  chlo- 
ride, since  the  droplets  have  no  dehydrating  action. 
In  general,  hydrochloric  acid  causes  little  trouble  in 
industry,  other  than  from  accidental  splashes  and  burns 
It  is  used  as  a general  purpose  food  additive  (Section  10). 
It  is  a common  air  contaminant  (Section  10). 

Disaster  Hazard:  Dangerous;  see  chlorides;  will  react  with 
water  or  steam  to  produce  toxic  and  corrosive  fumes. 

Countermeasures 

Ventilation  Control:  Section  2. 

Personnel  Protection:  Section  3. 

Storage  and  Handling:  Section  7. 

First  Aid:  Section  I. 

Shipping  Regulations:  Section  11. 

I.C.C.:  Corrosive  liquid;  white  label,  10  pints. 

Coast  Guard  Classification:  Corrosive  liquid,  white  label. 
Coast  Guard  (anhydrous)  Classification:  Noninflammablc 
gas;  green  gas  label. 

MCA  warning  label 

IATA:  Corrosive  liquid,  white  label.  I liter  (passenger). 
5 liters  (cargo). 


8.  IIMIKOCEN  Si:i.HI)K 

General  Information 

Synonym.  Sulfurctted  hydrogen. 

Description:  Colorless;  flammable  gas,  offensive  odor. 

Formula:  11/5.  I 

Constants:  Mol  wt:  34.0S,  mp:  -85.5'C.  bp:  -60.4‘C.  j 
lei:  4.35r,  ueJ:  46rf,  ituloign.  temp.:  503  F.  d:  1.539 
g/litcr  at  0'C.  vap.  press.:  20  atm  at  2.‘‘.5*C,  vap.  d.: 
1.189. 

Hazard  Analysis 

Toxic  Hazard  Rating 

Acute  Local.  Irritant  3;  Inhalation  3. 

Acute  Systemic  Inhalation  3. 

Chronic  I ocul : Irritant  3. 

Chronic  Sy  stemic  Inhalation  3. 

TLV:  ACGIII  (recommended)  10  parts  per  million  of  air; 

15  milligrams  per  cubic  meter  of  air . 

Toxicology:  Hydrogen  sulfide  i>  both  an  irritant  and  an 
asphy  xiant  Low  concentrations  of  from  20  to  150  ppm 
cause  irritation  of  the  eyes;  slightly  higher  concentra- 
tions r.ay  cause  irritation  of  the  upper  respiratory  tract, 
and  if  exposure  is  prolonged,  pulmonary  edema  may 
result.  The  irritant  action  has  been  explained  on  the 
basis  that  ll,S  combines  with  the  alkali  present  in 
moist  surface  tissues  to  form  sodium  sulfide,  a caustic. 

With  higher  concentrations  the  action  of  the  gas  on 
the  nervous  system  becomes  more  prominent,  and  a 
30-ininutc  exposure  to  500  ppm  results  in  headache,  i 
dizziness,  excitement,  staggering  fait,  diarrhea  and 
dysuria,  followed  sometimes  by  bronchitis  or 
bronchopneumonia  The  action  on  the  nervous  system 
is,  with  small  amounts,  one  of  depression,  in  larger 
amounts,  it  stimulates,  and  with  very  high  amounts 
the  respiratory  center  is  paralyzed.  F.xposurcs  of  MX) 
to  1000  ppm  may  be  fatal  in  30  minutes,  and  high  con- 
centrations are  instantly  fatal.  Fatal  hydrogen  sulfide 
poisoning  may  occur  even  more  rapidly  than  that  fol- 
lowing exposure  to  a similar  concentration  of  hydrogen 
cyanide.  11/5  does  not  combine  with  the  hemoglobin 
of  the  blood,  it>  asphyxiant  action  is  due  to  paralysis 
of  the  respiratory  center. 

With  repeated  exposures  to  low  concentrations,  con- 
junctivitis, photophobia,  corneal  bullae,  tearing,  pain 
and  blurred  vision  are  the  commonest  findings.  High 
concentrations  may  cause  rhinitis,  bronchitis,  and 
occasionally  pulmonary  edema.  Lxposure  to  very 
high  concentrations  results  in  immediate  death. 
Chronic  poisoning  results  in  headache,  inflammation 
of  the  conjunctivac  and  eyelids,  digestive  disturbances, 
loss  of  weight  and  general  debility.  It  is  a common  air 
contaminant  (Section  4). 

Fire  Hazard:  Dangerous,  when  exposed  to  heat  or  flame. 

Lxplosion  Hazard:  Moderate,  when  exposed  to  heat  or 
flame. 

Disaster  Hazard:  Highly  dangerous;  when  heated  to 
decomposition,  it  emits  highly  toxic  fumes  of  oxides  of  , 
sulfur;  can  react  vigorously  with  oxidizing  materials. 

Countermeasures 

Ventilation  Control:  Section  2. 

Personnel  Protection:  Section  3. 

Storage  and  Handling:  Section  7. 

To  l ight  Fire:  Carbon  dioxide,  dry  chemical  or  water  ! 
«pray  (Section  6). 

Shipping  Regulations:  Section  11. 

I.C.C.:  Flammable  gas;  red  gas  label,  300  pounds. 

Coast  Guard  Classification:  Inflammable  gas;  red  gas 
label. 

MCA  warning  label. 

IATA:  Flammable  gas.  red  label,  rot  acceptable  (pas- 
senger), 140  kilograms  (cargo). 
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ISOBUTANE 
General  Information 

Synonyms:  2- Methyl  propane;  (rimethyl  methane. 
Description:  Colorless  gas. 

Formula:  C,Hi„. 

Constants:  Mol  wt:  58.12,  bp:  -ll.7*C,  Id:  1.9%,  ud: 
8.5%,  fp:  -I60*C,  d:  0.5572  at  20*  C,  autoign.  temp.: 
864*  F.  vap.  d : 2.01. 

Hazard  Analysis 
Toxic  Hazard  Rating. 

Acute  Local:  0. 

Acute  Systemic:  Inhalation  I. 

Chronic  Local:  0. 

Chronic  Systemic:  U. 

Caution:  An  asphyxiant.  A common  air  contaminant. 

Fire  Hazard:  Dangerous,  when  exposed  to  heat  or  flame 
(Section  6). 

Fxplosion  Hazard:  Severe,  when  exposed  to  heal  or  flame. 
Disaster  Hazard:  Dangerous;  on  contact  with  oxidizing 
materials,  it  can  react  vigorously. 

Countermeasures 
Ventilation  Control:  Section  2. 

To  Fight  Fire:  Carbon  dioxide,  dry  chemical  or  water  spray 
(Section  6). 


10.  MKTIIYL  ACLTATF 

Central  Information 

Description:  Colorless,  volatile  liquid. 

Formula:  CH.CO.C  H . 

Constants:  Mol  wt  "4. OS,  nip:  -98.7*0,  lei:  3.1%,  ucl: 
16%.  bp:  57.8  C.  ulc.  85  90,  flash  p:  14* F,  d.  0.9243$, 
autoign.  temp.:  935’ F,  vap.  press.:  100  mm  at  9.4*C,  j 
vap.  d.:  2.55. 

Hazard  Analysis 

Toxic  Hazard  Rating 

Acute  Local:  Irritant  I. 

Acute  Systemic:  Inception  2.  Inhalation  2.  Skin  Absorp- 
tion 2. 

Chronic  Local:  L. 

Chronic  Systemic  Ingestion  2;  Inhalation  2:  Skin  Ab- 
sorption 2. 

TLV:  AC.'OIH  (recommended);  200  parts  per  million  in  air; 
610  milligram*  per  cubic  meter  of  air. 

Toxicology:  Methyl  j.'elalc  is  narcotic,  but  is  less  so  than 
the  higher  members  of  the  acetate  series.  It  has  an 
irritating  effect  upon  the  mucous  membranes  of  the 
cye>  and  upper  respiratory  tract,  and  in  this  respect 
its  action  is  strvr.ger  than  that  of  the  higher  members 
of  the  series.  The  irritant  concentration  is  about  10,000 
ppm.  I 

Signs  and  symptoms  arc  irritation  and  burning  of 
the  eyes,  lachry nation,  dyspnea,  palpitation  of  the 
heart,  and  complaints  of  depression  or  dizziness. 

Fire  Hazard:  Dangerous,  w hen  exposed  lo  heat  or  flame. 

Spontaneous  Heating  No. 

Fxplosion  Hazard.  Moderate,  when  exposed  to  heat  or 
flame. 

Disaster  Hazard  Dangerous,  upon  exposure  to  heat  or 
flame;  can  react  vigorously  with  oxidizing  materials. 

Countermeasures 

Ventilation  Control  Section  2. 

To  Fight  Fire.  Alcohol  foam,  carbon  dioxide,  dry  chemical 
or  carbon  tetrachloride  (Section  6). 

Personnel  Protection.  Section  3. 

Storage  and  Handling.  Section  7. 

Shipping  Regulations.  Section  1 1. 

I.C.C.:  Flammable  liquid;  red  label,  10  gallon*  , 

Coast  Guard  Classification;  Inflammable  liquid;  red 
label. 

IATA:  FTammaV.e  liquid,  ted  label,  I liter  (passenger). 
40  liters  (cargo) 


MF.TH\  I Of I.ORIOI: 

General  Information 
Sy  nony rr.>  C’hloromethane. 

Description:  Colorless gjs 
Formulj.  ( H,(  l. 

Constant*  Mof  we  50.4V,  bp.  - 23.7* C.  tel  (0.7%  ud 
r.2  '.  fp  -97.7  C.  flash  p < 32  l (O  C ).  d:  0.918 
a*.  20  ,4  C.  autoign  temp.:  1170  I,  vap  d 1.78. 

Hazard  Knjlvsi* 

Toxic  Hazard  Ratine 

Acute  I oca  I Irritant  I.  Inhalation  I. 

Acute  Systemic  Ingestion  3.  Inhalation  3. 

Chronic  Local:  II. 

C h.onic  Systemic  Ingestion  2.  Inhalation  2. 
n ^ AC  Gill  (recommended).  lr.O  parts  per  million  inaii. 

20V  milligrams  per  cubic  meter  of  air. 
loxi.o'o  , '‘ethyl  chloride  has  very  slight  irritant  piop- 
er;ie>  and  may  be  inhaled  Without  noticeable  discomfort 
It  ha*  some  narco, ic  action,  but  this  elleci  i*  weaker 
than  that  of  chloroform  Acute  poisoning,  character- 
ized by  the  narcotic  effect.  i»  rare  in  industry.  Re 
pea  ted  exposure  to  low  concentration*  causes  damage 
to  the  central  nervous  system,  and.  le**  frequently,  to 
the  li.ci.  kidneys,  Imne  rv*  irrow  and  cardiovascular 
system  Hemorrhages  into  the  lungs,  intestinal  tract 
and  dura  have  been  reported.  Sprayed  on  the  skin, 
methyl  chloride  produces  anesthesij  through  freezing 
of  the  tissue  a*  it  evaporates. 

Li  exposure*  to  high  concentrations,  dizziness, 
drowsiness,  incootdmation.  confusion,  nausea  and 
vomiting,  abdominal  pains,  hiccoughs,  diplopia  and 
dimness  of  vision  arc  followed  by  delirium,  convulsions 
and  coma  Death  may  he  immediate,  but  if  the  expo 
sure  i>  not  fatal,  recovciy  is  usually  slow,  and degeiiera- 
li»e  change*  in  the  ccnlia!  nervous  system  aie  r.  »t  uu 
common.  The  liver,  kidney*,  and  hone  marrow  may  be 
affected,  with  resulting  acute  nephritis  and  anemia 
Death  may  occur  several  days  after  exposure,  resulting 
from  degenerative  change*  in  the  heart,  liver  and 
especially  the  kidneys.  In  repeated  exposures  to  lower 
concentrations  there  is  usually  fatigue,  loss  of  appetite, 
muscular  weakness,  drowsiness,  and  dimness  of  vision 

After  cflccls  are  commonly  the  result  of  damage  to  the 
central  nervous  system,  with  visual  change*  and  attacks 
of  depression  and  other  psychic  disturbances  being  rc 
ported. 

Note,  lised  as  a food  additive  permitted  in  food  for  human 
consumpation. 

Fire  Hazard:  Dangerous,  when  exposed  to  heat  or  flame. 
Spontaneous  Heating:  No. 

Fxplosion  Hazard:  Moderate,  when  exposed  io  heat  or 
flame. 

Disaster  Hazard:  Dangerous;  when  heated  to  decomposi 
lion,  it  emits  highly  toxic  fames  of  chlorides;  can  react 
vigorously  with  oxidizing  materials 
Counter  measure* 

Ventilation  Control:  Section  2 

lo  Fight  I ire.  Slop  flow  of  gas,  carbon  dioxide,  dry  chemical 
or  water  spray  (Section  6). 

Personal  Hygiene:  Section  3. 

Storage  and  Handling  Section  7. 

Shipping  Regulations:  Section  II. 

I.C.C.:  I lammable  gas;  red  gas  label,  300  pounds. 

Coast  Guard  Classification:  Inflammable  gas;  red  gas 
label. 

MCA  warning  label. 

IATA:  Flammable  gas,  red  label,  not  acceptable  (pas- 
senger). 140  kilograms  (cargo). 
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1 2 . PROPANE 

General  Information 
Synonym:  Dimethylmethane. 

Description:  Colorless  gas. 
f ormula:  01,01,01,. 

Constants:  Mol  wt:  44.09,  bp:  -42. I* C,  lei:  2.Y.i  uel. 
9.y'o.  fp:  187.1  *C.  flash  p:  -I56M,  d:  0.5852  at 

-44.5*/4'C,  autoign.  temp.:  874'!',  vap.  d.:  1.56. 
Ila/ard  Analysis 
Toxic  Hazard  Rating: 

Acute  Local:  0. 

Acute  Systemic.  Inhalation  1. 

Chronic  Local:  0. 

Chronic  Sy  stemic:  U. 

11  V:  ACCilll  (recommended):  1000 part**  per  million  of  air, 
1800  milligrams  per  cubic  meter  of  air. 

Toxicity  : A general  purpose  food  additive  (Section  10) 
l ire  Hazard:  Highly  dangerous  when  exposed  to  heat  or 
flame. 

Spontaneous  Healing:  No. 

Lxplosion  Hazard:  Severe,  when  exposed  to  flame. 

Disaster  Hazard.  Dangerous,  can  react  vigorously  with 
oxidizing  materials. 

CounternifJMjres 
Ventilation  Control:  Section  2. 

To  Light  I ire.  C arbon  dioxide,  dry  chemical  or  water  spray 
(Section  6) 

Storage  and  Handling:  Section  7. 


12  . SHI. FUR  DIOXIDE 

General  Information 

S)  nony  in:  Sulfurous  acid  anhydride. 

Description:  Colorless  gas  or  liquid,  pungent  odor. 

Lormula:  SO,. 

Constants:  Mol  wt.  64.06,  mp:  •75.5*C.  bp:  - 10.0  C. 
d liq:  1.434  at  0*C.  vap  d.  2.264  at  0 C.  vap.  press 
2538  mm  at  21.1*  C. 

Hazard  Analysis 

Toxic  Hazard  Rating: 

Acute  Local.  Irritant  3.  Ingestion  3;  inhalation  3 

Acute  Systemic  U. 

Chronic  1 ocal:  Irritant  2.  Inhalation  2. 

Chronic  Systemic.  U. 

TLV;  ACCilll  (recommended);  5 parts  per  million  in  air; 

13  milligrams  per  cubic  meter  of  air 

Toxicology:  This  gas  is  dangerous  to  the  eyes,  as  it  causes 
irritation  and  inflammation  of  the  conjunctiva.  It  has  a 
suffocating  odor  and  is  a corrosive  and  poisonous 
material.  In  moist  air  or  fogs,  it  combines  with  u.i ter 
to  form  sulfurous  acid,  but  is  only  very  slowly  oxidized 
to  sulfuric  acid  (Section  4).  Concentrations  of  6 to  12 
ppm  cause  immediate  irritation  of  the  nose  and 
throat,  while  0.3  to  I ppm  can  be  detected  by  the  average 
individual  possibly  by  tjste  rather  than  by  the  sense 
of  smell.  3 ppm  has  an  easily  noticeable  odor  and  20 
ppm  is  the  least  amount  which  is  irritating  to  the  eves. 
10,000  ppm  is  an  irritant  to  moist  areas  of  the  skin 
w ithin  a few  minutes  of  exposure. 

Jt  chiefly  a fleets  the  upper  respiratory  tract  and  iht* 
bronchi.  It  may  cause  edema  of  the  lungs  or  glottis,  and 
can  produce  respiratory  paralysis.  Concentrations  of 
< I ppm  are  believed  to  be  injurious  to  plant  foliage. 

This  material  is  so  irritating  that  it  provides  its  own 
warning  of  toxic  concentrations  400  to  500  ppm  is 
immediately  dangerous  to  life  and  50  to  100  ppm  is  con- 
sidered to  be  the  maximum  permissible  concentration 
for  exposures  of  30  to  60  minutes.  Lxccssive  exposures 
to  high  enough  concentrations  of  this  material  can  be 
fatal,  its  toxicity  is  comparable  to  that  of  hydrogen 
chloride.  However,  less  than  fatal  concentrations  can 
be  borne  for  fair  periods  of  time  with  no  apparent 
permanent  damage.  It  is  used  as  a fumigant,  insecticide  , 
and  fungicide,  and  a chemical  preservative  food  ad-  . 
ditive  (Section  10).  It  is  a common  air  contaminant 
(Section  4) 

Disaster  Hazard:  Dangerous;  will  react  with  water  or  steam 
to  produce  toxic  and  corrosive  fumes. 

Countermeasures 

Ventilation  Control:  Section  2. 

Treatment  and  Antidotes:  Personnel  who  have  shown  toxic 
symptoms  when  exposed  to  this  material  should  im- 
mediately be  removed  to  fresh  air.  If  the  eyes  are  in- 
volved, they  should  be  irrigated  with  copious  quantities 
of  warm  water.  If  the  sy  mptoms  persist,  call  a physician. 

Storage  and  Handling:  Section  7. 

Shipping  Regulations:  Section  II. 

I.C.C.:  Nonflammable  g.is.  preen  label,  300  pounds. 

Coast  Guard  Classification.  Noninflammable  gas;  gcccn 
gas  label. 

IATA  Nonflammable  gas,  green  label,  not  acceptable 
(passenger).  140  kilograms  (cargo) 
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'sJHyrL^t 

(.tiH-rMi  Information 

Synonym-.  2-Mclhyl  butane,  isoamyl  hydride. 

Description  Colorless  liquid  with  pleasant  odor 
f ormula  CM  CMC  II.C  11,01, 

Constants  Mol  wt  7?  15,  bp  27  h'(  , Ip.  lt-0.5  C, 
Hash  p »,  -60  I IC  C ),  tl  0 62 1 at  20"/4’C. 
auloign  temp  /KK‘f,  vap  press.:  595  mm  at  2I.UC, 
vap  d 2 4tv,  lel  I. •!*/»•,  uel:  7.6%. 

Iltf/aid  Analysis 
loxicity  See  pentane. 

fire  II a/artl  Highly  dangerous  when  exposed  l*»  heal  oi 
llame 

I x plosion  lla/anl  Unknown 

Disaster  Hazard  Dangerous.  Keep  away  from  sparks,  heal 
or  open  llame;  can  icaet  vigorously  with  oxidizing  ma- 
terials 

Countermeasures 
Ventilation  Control:  Section  2. 

To  light  lire:  loam,  carbon  dioxide,  dry  chemical  or 
carbon  tetrachloride  (Section  6) 

Storage  and  Handling.  Section  7 
Shipping  Regulations  Section  II 

I C C : Mjinmable  liquid;  red  label.  10  gallons 
Coast  (iu^rd  ( lassilication:  Inflammable  liquid,  red  label. 
IAIA.  f lammable  liquid,  red  label.  I liter  (passenger). 
40  liters  (cargo). 


HKVINK-I  

K^cnern  {uTurnva/Ton******^ 

Synonyms:  Hexene,  butylethylcne.  hexylene. 

Description  Colorless  liquid 
I oj iduI.i  ( II  C ll(CII, >,(11. 

Constants.  Mol  wt  KM 6.  mp  -98.5’C.  bp:  63. 5* C, 
fp  - 139.9*  C.  flash  p <201.  d 06732  at 
20’/4’(  , vap  press.:  3lUmm  at  3k ’ C,  sap.  d.:  3.0 
lla/ard  Analysis 
lo.xic  II a/a fd  Rating: 

Acute  l ocal:  Irritant  2;  Ingestion  2.  Inhalation  2. 

Acute  Systemic  Inhalation  2 
Chronic  Local.  U. 

Chronic  Systemic  U. 

l ire  Hazard  Dangerous;  when  exposed  to  heat  or  flame 
(Section  6) 

Disaster  Ha/aid  Dangerous,  upon  exposure  to  heal  or 
llame,  can  react  vigorously  with  oxidizing  materials. 

( nunlcr  measures 
Ventilation  Control  Section  2 
Personnel  Protection  Section  3. 

Storage  and  Handling  Section  7. 


J (an?  ml  I it  lot  in  ation 

Synonym  Amyl  hydride. 

Description  Colorless  liquid. 

I ormula  C ll,((  H,),(  II,. 

Constants  Mol  wt  72  15.  I>p  36. 1 “C.  flash  |»,  < 4(1  I . 
Ip  129.8  C,  d 0.626  at  2lf  /4r  C.  auloign  temp 
388*1.  vap.  press.:  400  mm  at  IS.S*C,  vap  d : 2. 48, 
lel  I 5rl . uel.  7 K*’o. 

Hazard  Analysis 

Toxic  Hazard  Rating 
Acute  I ocal  U. 

Acute  Systemic  Inhalation  I. 

“*  C hronic  Local.  U. 

Chronic  Systemic  U 

Toxicology  Narcotic  in  high  concentrations. 

ll.V:  At  tilll  (recommended).  KHM)  pails  per  million:  295(1 
milligrams  per  i uhic  meter  of  air. 

l ire  Hazard  Highly  dangerous,  when  exposed  to  heat  or 
llame 

Spontaneous  Healing.  No 

I xplosion  Hazard  Severe,  when  exposed  to  heal  or  llame 

I xphrsivc  Range  1.4  8 0‘« 

Disaster  Hazard  Highly  dangerous,  keep  away  from  heat. 


sparks  or  open  flame;  shock  can  shatter  metal  con- 
tainers and  release  contents. 

Countermeasures 
Ventilation  Control  Section  2. 

lo  light  lire  l-loam,  carbon  dioxide,  dry  chemical  or 
carbon  tetrai  hloridc  (Section  6) 

Slot  age  and  Handling  Section  7. 

Shipping  Regulation*  Section  1 1 

ICC.:  f lammable  liquid;  red  label,  10  gallons 
Coast  Cm. ml  t lassilication  Inflammable  liquid,  red  label. 
IMA  I luminublc  liquid,  red  label.  I liter  (passenger). 
40  liters  (cargo) 


n m\V  Ml 
""^icrifra^  Inlurntxl ion1" 

Synonym  llcxyl  hydride. 

Description  Colorless  liquid. 

I ormula  ( ll,((  H,),(  II,. 

Constants.  Mol  wt:  86.17.  bp  6K  7 C.  uk . 90  95.  lel  12%. 
uel  7.5%.  fP  - 95.6*  C,  Hash  p - 7 I . d 0.6603 
at  20’/4'C.  auloign  temp  5(X)  I-,  cap  press:  |(J0 
rnrn  at  1 1 H ( , vap  d 2 v7. 

Hazard  Analysis 

I ox  ii  Hazard  Haling. 

Acute  l ocal  Irritant  I . 

Acute  Systemic  Ingestion  I,  Inhalation  I 
Chronic  I ocal:  Irritant  I 
Chronic  Systemic  U 

Note  Use  as  a food  additive  permitted  m food  for  human 
consumption  (Section  |l») 

II  v AC  C.lll  (rciommcndeili;  5lK » pails  per  million  m air; 

1 760  mill, grams  per  cubic  meter  of  ait 
I ire  Hazard  Dangerous,  when  exposed  to  heal  or  flame. 
Spontaneous  Healing*  No. 

I xplosion  Hazard  M»*dcraic.  when  exposed  lo  heat  or 
llame 

Disaster  Hazard  Dangerous;  when  heated  or  exposed  lo 
Dime,  can  react  vigorously  with  oxidi/mg  mater  i,*ds. 

C ouiitcrmr asutt-s 
\ cntilation  C onhol  Section  2 

lo  light  lire  ( .ir bon  dioxide,  dry  chemical  or  carhon 
tetrachloride  (Section  6) 

Personal  Hygiene  Section  V 
Storage  ami  Handling:  Section  7. 

Shipping  Regulations  Section  1 1 

I C C I laimnablc  liquid,  red  label,  HI  gallons 
( oast  (in  nd  ( Ijssiticjt ion  Inflammable  liquid,  red  label. 
IAIA  Ilammablc  iiqu.J.  ,ed  label,  I liter  (passenger). 
•10  liters  (cargo) 
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17.  juuuj-nim. 

(•vner jil  Information 

Synonyms:  Sulfuric  ether;  anesthesia  ether,  ether;  ethyl 
oxide. 

Description:  A clear,  volatile  liquid. 

f ormula,  C /II.OC,ll.",. 

Constants  Mol  wt  74.12,  nip:  - ll(»2’C,  bp:  34.6* C, 
ulc.  UK),  lei:  I.X5'S.  ucl.  4K'*,  flash  p:  4‘)'  f , d 0.7135 

at  20*/4’C.  autoign.  temp.:  356*1',  vap.  press.:  442 
mm  at  20  C,  vap.  d.:  2.56 

Hazard  Analysis 

J «*xu  ll.i/ard  Rating: 

Acute  l ocal.  Ingestion  2;  Inhalation  I. 

Acute  Systemic:  Inhalation  2;  Skin  Absorption  2. 

( hronic  Local:  U. 

C hrome  Systemic:  II. 

I I.V:  A(  (till  (recommended);  4(H)  parts  per  million  in  air; 
1212  milligram*  per  cubic  meter  of  air 

Toxicology:  I l her  is  not  corrosive  or  dangerously  reactive. 
However,  it  must  not  he  considered  safe  for  indiv  iduals 
to  inhale  or  ingest.  It  is  not  toxic  in  the  sense  of  being  a 
poison.  It  is,  however,  a depressant  of  the  central 
nervous  system  and  is  capable  of  producing  intoxica- 
tion, drowsiness,  stupor,  and  unconsciousness.  Death 

due  to  respiratory  failure  may  result  from  severe  and 
continued  exposure. 

l ire  Hazard:  Dangerous,  when  exposed  to  heat  or  flame; 
can  icact  vigorously  with  oxidizing  materials  See  ethers. 

hxplosion  Hazard.  Severe,  when  exposed  to  heat  or  flame. 

Disaster  Hazard.  Highly  dangerous,  in  the  presence  of  heat 
or  flame.  Sec  ethers. 

Countermeasures 

Ventilation  Control:  Section  2. 

lu  l ight  l ire  Alcohol  foam.carbon  dioxide,  dry  chemi- 
cal or  carbon  tetrachloride  (Section  6). 

1 rciilinenl  and  Antidote:.  Removal  from  exposure  almost 
always  produces  rapid  and  complete  recovery. 

Personal  Hygiene  Section  3. 

Storage  and  Handling.  Section  7. 

Shipping  Regulations:  Section  1 1. 

1C  .C.:  f lammable  liquid,  red  label.  10  gallons 
Coast  Guard  Classihcation:  Inflammable  liquid;  red 
label. 

MCA  warning  label. 

lAI'A:  Hamrtiahfc  liquid,  red  label,  I liter  (passenger), 
40  liters  (cargo). 


1 0 . _JUUli±hL_LL\mi 

General  Information 

Synonyms-  1, 2-bpoxy ethane; oxiianc. 

Description:  Colorless  gas  at  room  temperature, 
formula  (C II ..),() 

Constants:  Mol  wt  44  05.  mp.  Ill  3*C.  bp  10  7 C , ule: 
100.  lei.  3.0%,  ucl  IUIS  . flash  p <0'  I . d 0X7  1 1 at 
20*/20*C.  autoign.  temp:  X04* I . vap.  press:  lO'LS 
inm  at  20” C,  vap.  d I 52. 
lia/ard  Analysis 
1 oxic  Hazard  Rating 
Acute  Local  Irritant  3;  Inhalation  2 
Acute  Systemic:  Inhalation  2. 

C hronic  I ocul  Irritant  2. 

Chronic  Systemic.  U. 

Toxicology:  li  mating  to  eyes  and  mucous  membranes  of 
respiialoiy  tract.  High  concentrations  can  cause  pul- 
monary edema. 

TLV  AC'Cilll  (recommended);  50  parts  per  million  in  air; 
‘ZU  milligrams  per  cubic  meter  of  air. 

l ire  ll.i/.iul  Dangerous.  when  exposed  to  heal  nr  llame. 

can  react  with  oxidizing  materials. 

Spontaneous  Heating  No. 

Lxplosion  Hazard  Severe,  when  exposed  to  flame 

Disaster  Hazard.  Highly  dangerous,  upon  exposure  to  heat  or 

flame. 

f Vumler  measures 
Ventilation  Control  Section  2. 

lo  l ight  I ire  Alcohol  foam,  cjrhon  dioxide,  dry  cliemicat 
or  carbon  tetrachloride  (section  6) 

Pcisonnel  Protection  Section  3 
Storage  and  Handling  Section  7. 

Shipping  Regulations-  Section  II 

| ( X I lammable  liquid,  red  label.  3tt0  pounds  in  cylin- 
der, 15  pounds  in  other  containers 
( <>jsl  tiu.ml  C Ijsxilicilion  Inllammjhle  li>|uiil.  h-J  label. 
MCA  warning  label 

|Al  A:  Hamniable  liquid,  red  label,  mil  acceptable  (pas- 
senger). I4U  kilogram,  (cargo) 
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20. 


ALLUlit 

(•iiii-ral  Infoiin  ation 

Synonyms.  Dnncihyl  ketone.  k clone  propane,  propamine 
IKsci  iplion:  C "olorlevs  liipnd,  (i arrant  m inlltk c odor 
I oi inula.  ( 11,1  l K II, 

loiisiaitis  Mol  wi  f»nM.  mp  bp  Mi  Is  1 

ulc  - *HI.  Hash  p 0 I (<  C ).  Icl  2 6'i.ucl  IJK'.  d 
0.74#7?  al  IV(  . autoign  temp  I1KK)  I . vap  press 
400  mm  al  W.3  1 . vap  »l  : 2.00. 

Hazard  AiullMi 
1 oxic  I la/ard  Kal ing: 

Acute  I oval  h nlanl  I.  Ingestion  2.  Inhalation  2 

Acuic  Systemic:  Ingestion  2,  Inhalation  2.  Skin  Ahsorp- 
lion  2. 

Chrome  I ocal.  Irritant  I 

1 hroiiic  Systemic.  Ingestion  I.  Inhalation  I.  Skin  Ab.sorp- 
lion  I. 

I I \ ACXilll.  1000  pails  pc i million  in  air.  2400  Milligrams 
per  cubic  iiiclci  ol  air 

toxicology:  Acetone  is  narcolic  in  high  concvnir.it ions  In 
industry.  no  injurious  effects  Irmn  Its  use  have  been  re- 
potted. other  than  the  occurrence  of  skin  irritation*  re- 
sulting from  its  de  lating:  action  or  headache  fiom  pro- 
longed inhalation  A food  additive  permitted  in  final 
lor  human  consumption  (Section  III).  A common  air 
contaminant  See  Section  4. 

I ire  lla/aid  Dangerous.  when  exposed  to  heal  or  Maine 
I xplosion  lla/.ml  Model. tie.  when  v.ipni  is  exposed  to  ll  line 
I lis.isle i I la/. ml  Dangcioiis,  due  lo  Inc*  and  explosion  ha/ 
aivi.  can  icael  vigoioudy  w ilh  oxidizing  malciials. 

1 nurilermeasures 
Vcniilaiion  Control  Seel  ion  2. 

lo  Fight  I ire  Carbon  dioxide,  dry  eliemie.il.  uleohol  foam 
or  cjihoit  leliaehloride  (Section  (»). 

IV  r. son  lie  I Protection:  Seel  ion  1. 

Storage  and  Handling'  Section  7 
Shipping  Kegul.it ions  Section  II. 

I 1.1.  ) larnmahle  liquid,  red  label,  Kfgallons 

Coast  Guard  Classiheatmn:  Inllammable  liquid,  red  label 

Ml  A warning  label 

IAIA  Flammable  liquid,  red  label.  I liter  (passenger). 
40  lilcis  (caigo) 


MM  IIVI  A I ( OIHH — 

7atni*raY"Infur  m * I ion 

Synonyms  Methanol 

Description  1 fear  colorless  very  mobile  liquid 

Formula  1 11,011 

Constants.  Mol  wt  12  04.  bp  64  b’l  . Icl  7 V« , uel  36  S'-, 
fp  -‘)7.X*C,  Hash  p 52’ F.  d 0 7‘H  i at  20  /4  l. 
autoign.  temp  : bb7'  I . vap  press  It*)  mm  at  21  2*1. 
vap.  d . III. 

Hazard  Analysis 

Toxic  Hazard  Kuting 

Acute  l oca!  Irritanl  !.  Inhalation  I 
Acute  Systemic:  Ingestion  3;  Inhalation  2,  Skin  Ahsorp 
lion  2. 

Chronic  | ocal:  Irritant  l.  Inhalation  I 
Chiomc  Systemic  Ingestion  2.  Inhalation  2.  Skin  Ab 
sorption  2 

TI.V  Al  lifH  (recurnrncridcd):  200  parts  pci  niilJion  in  an. 
262  nitlligi urn*  per  cubic  meter  of  uii 

Toxicology.  Methyl  alcohol  possesses  distinct  narcotic 
properties  ll  is  also  a slight  irritanl  lo  the  mucous 
membranes.  Its  mam  toxic  ell  cel  is  exerted  upon 
the  nervous  system,  particularly  the  optic  nerves  and 
possibly  the  retinue  I he  cllcct  upon  the  eyes  has  been 
attributed  to  optic  neuritis,  which  subsides  but  is  fol- 
lowed by  atrophy  of  the  optic  nerve  Once  absorbed, 
methyl  alcohol  is  only  very  slowly  eliminated  Coma 
resulting  from  massive  exposures  may  last  as  long  as 
2 to  4 days  In  the  body  the  products  formed  by  it>  oxida- 
tion arc  formaldehyde  and  formic  acid.  l»oih  of  which 
arc  toxic.  Because  of  the  slowness  with  which  it  is 
eliminated,  methyl  alcohol  should  be  regarded  as  a 
cumulative  poison  I hough  single  exposures  to  fumes 
may  cause  no  harmful  cllcct.  daily  exposure  may  result 
in  the  accumulation  of  sufficient  methyl  alcohol  m the 
body  to  cause  illness 

Severe  exposures  may  cause  dizziness,  unconscious- 
ness, sighing  respiration,  turdia  depicssum.  and 
eventually  death  Where  the  exposure  is  less  severe,  the 
hist  symptoms  may  be  blurring  of  vision,  photophobia 
and  conjunctivitis,  fi  Mowed  by  the  development  of  defi- 
nite eye  lesions.  I here  nuy  be  headache,  gastroin- 
testinal disturbances,  dizziness  and  a feeling  of  intoxica- 
tion I he  visual  symptoms  may  clear  temporarily,  only 
to  recur  l.itei  and  progress  to  actual  blindness  Irritation 
of  the  mucous  membranes  of  the  throat  and  icspira- 
loiy  trait,  peripheral  neuritis,  and  occasionally, 
symptoms  referable  to  other  lesions  of  the  nervous 
system  have  been  reported  I he  skin  may  become  dry 
and  cracked  due  lo  the  solvent  action  of  methyl  alcohol 
Methyl  alcohol  is  a common  an  contaminant  (Section 
4)  ll  is  used  ,i»  a food  additive  pci  milled  in  foods  for 
human  consumption  Section  10, 

Fire  Hazard  Dangerous,  when  exposed  lo  heat  or  flame. 

Spontaneous  Healing  No 

I xplosion  llazaid  Moderate,  when  exposed  to  Maine. 

Disaster  llu/jrtl  Dangerous,  upon  exposure  to  beat  or 
Maine,  can  toast  v igorously  with  oxidizing  materials 


( ounler  measures 
Ventilation  ( ontiol.  Section?. 

lo  light  lire  1 aiN.n  dioxide,  dry  chemical,  ot  carbon 
Icli.n  blonde  (Section  (>l 
Personnel  Piotcction  Section  1 
Storage  and  Handling  Section  7 
Shipping  Ki gul.itions.  Section  II 

I l ( I larnmahle  liquid,  red  label.  lOgjtlons 
Coast  (maid  1 lassilu  jtion  Inflammable  lupin!,  red 
label 

MIA  warning  label 
IMA  Sec  Alcohol.  N O S 
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22.  nnu  \i<  oii"i 

(it'wml  InforiiMlioti 

Synonyms  I ihamd.  methyl  carhinol;  spirit  ol  Mine. 

Dese  upturn  l Icar.  coloi less,  Ir at* rani  liquid 
I oriuula  III  ,1  1 1 Oil 

Constants  Mol  *t  4M)7.  bp.  /is  12  ( . uh.  70.  Id  l V«. 
ud  Ip  Mill.  flash  p » I.  il  U.7MIJ  at 

20  /4  C.  auloigu  Itiiip  7*/ 1 I . vup  pi  cm.  40  nun 
at  l*>  l . vap  U l.v#. 

Ilazaid  \ualysis 

I ox  it  Ilazaid  Rating 

Acute  I ac  a I Irritant  I 

Acute  S)Mdiuc  Ingot  ion  2.  Inhalation  2.  Shin  Absorp- 
tion I 

< hr  on  ic  I ocal  li  • itant  I 

Chronic  Systemn.  Ingestion  I.  Inhalation  I.  Shin  Ab- 
sorption I ) 

II  \ All  ill  I (recommended).  ItNIO  parts  per  million  in 

an.  IKWI  milligrams  per  cubic  meter  ol  an 
I os  icoloft)  I lie  s)  sieniic  tiled  ol  elh>l  uhohol  ‘litters 
|(,iin  that  ol  nieth)l  aholn'l  I 1 1»> I alcolml  is  rapidly 
oxidized  m the  bod)  io  carbon  dioxide  and  Mater,  and 
in  c out  last  to  iiiclb)l  alcohol,  no  cumulative  cltecl  oc- 
curs I liougli  ell») I alcohol  possesses  narcotic  pro- 
per lies,  conccnltalions  sulbcient  to  produec  this  died 
are  not  reached  in  unlustf)  I xpo.sure  to  concent  i a* 
t,ons  ol  5,0110  to  lO.(KM)  ppm  results  in  in  nation  of  the 
c>es  and  mucous  membiancs  of  the  upper  respiratory 
Had  If  continued  foi  an  hour,  stupor  ami  drowsiness  ( 
ma)  result  Concentrations  below  I.IMH)  ppm  usuafl) 
pioduec  no  signs  of  intoxication.  There  is  no  concrete 
cc  . Juice  that  icpcutcd  exposuie  to  ethyl  alcohol  vapor 
iccults  in  eirrlioMs  of  the  liver  I be  mam  effect  of  cth)l 
alcohol  ic  due  to  its  irritant  ad  ion  on  the  mucous  mem- 
branes of  the  eyes  and  upper  rcspiiatory  tract. 

I xposure  to  concentialions  of  over  l.tHM)  ppm  may 
cause  hc.td.it  he,  irntalion  of  the  eyes,  nose  anti  throat, 
and.  if  long  lonlinucd.  tliowsiness  ami  lassitude,  loss  of 
appetite  and  inability  to  concentrate 
lire  Hazard  Dangcious.  when  exposed  to  beat  or  flame, 
can  react  vigorously  with  oxidizing  materials. 

Disaster  Hazard  Dangerous,  when  exposed  to  beat  or  flame. 
Spontaneous  Heating  No. 

I xplosioii  Hazard  Moderate,  when  exposed  to  llamc. 

( minter measures 
Ventilation  l ontrol  Sex  I ion  2 

lo  I iglil  I ire  Alcohol  foam,  carbon  dioxide,  dry  chemical 
or  car  (ion  lclr.it  hlondc  (Section  <•) 

Storage  and  Handling  Section  7. 

Shipping  Regulations  Section  II 

1(1  I lammable  liquid,  red  label.  10  gallons 
C oast  (iiiard  l lassiluation  Inflammable  liquid,  real 
label 

Ml  A warning  label 


*^en^ril  (nlwnufinn ^^"****“— *" 

Synonym  I Propanol,  ethyl  carbinnl 
Description  Clear,  odorless  liquid,  alcohol-lihc  odor. 
Constants'  Mol  wt:  <0.1,  nip  127  C.  bp  *77  IV' C. 
flash  p 5V  I (C(  >.  ule  60.  d 0.KO44  at  20  /4'C. 
lei  2.1  «.  uci  l V5fr.  autoign  temp.  700*  I , xap. 
press.  10  mm  Jt  14  7*C,  vap  d 2 07 
lla/ard  \nalvsis 
I omc  I lazard  Rating 

Acute  l.ocal  irritant  I.  Ingestion  I.  Inhalation  I. 

Acute  Systemic  Inhalation  I 

Chronic  I ocal:  U. 

Chronic  Systemic  Inhalation  I 
Tl  V : AC  (ill!  (tentative).  200  parts  per  million;  M0  milli- 
grams per  cubic  meter  of  air. 

I ire  Hazard  Dangerous,  when  exposed  to  heat  or  flame. 
Spontaneous  Heating  No. 

I x plosion  Hazard  Moderate,  when  exposed  to  flame 
Disaster  Hazard  Dangcious.  upon  exposure  to  heat  or 
flame,  can  lead  vigorously  with  oxidizing  materials 


( minter  measures 

Personnel  Protection.  Section  V 

V cntilal urn  C ontrol  Section  2. 

lo  I ight  I ne.  Mtoliol  foam,  carbon  dioxide,  dry  chemical 
or  carbon  tetrachloride  (Section  6) 

Storage  and  Handling.  Section  7 
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ADDITIONAL  SAFETY  DATA  ON  COMPOUNDS  LISTED  IN  TABLE  VI 
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! 


ft  IT MIIS.  N,()S. 

GeneralTiil  urination 

l)fM  option:  Organic  nitrates  arc  usually  termed  nitre  com- 
pounds These  compounds  are  a combination  of  the 
nitro  ( NO,)  group  and  un  organic  radical.  However, 
this  term  is  often  used  to  denote  nitric  acid  esters  of 
an  organic  material.  Inorganic  nitrates  are  compounds 
of  metal;,  which  are  combined  with  the  mono-valent 
NO,  radical. 


Hazard  Analysis 
Toxic  Hazard  Rating: 

Acute  l.otal:  U 

Acute  Systemic.  Ingestion  2;  Inhalation  2. 

Chronic  Local.  U. 

Chronic  Systemic:  Ingestion  2,  Inhalation  2. 

Toxicology:  Large  amounts  taken  by  mouth  may  have 
serious  or  even  fatal  effects.  The  symptoms  are 
dizziness,  abdominal  cramps,  vomiting,  bloody  diarrhea, 
weakness,  convulsions  and  collapse.  Small,  repeated 
doses  may  leud  to  weakness,  general  depression,  head- 
ache and  mental  impairment 

Fire  Hazard  Moderate,  by  spontaneous  chemical  reaction; 
practically  ull  nitrates  arc  powerful  oxidizing  agents 
(Section  b). 

Explosion  Hazard:  Nitrates  may  explode  when  shocked, 
exposed  to  heat  or  flame  or  by  spontaneous  chemical 
reaction  (Sec  ulso  explosives,  high).  All  the  inorganic 
nitrates  act  as  oxygen  carrier.-.,  under  proper  conditions 
these  can  give  up  their  oxygen  to  other  materials.  which 
may  in  turn  detonate.  For  example,  potassium  or 
barium  nitrutc  are  added  to  double-base  powders  for 
the  purpose  of  reducing  Hash  and  rendering  the  powder 
more  igmlablc.  A further  use  for  these  materials  is  to 
mix  them  with  a smokeless  powder  which  is  not  com- 
pletely colloidcd,  for  the  purpose  of  granulation.  An 
example  of  such  a powdci  is  ”L.  C.  Powder,”  used  for 
loading  blank  cartridges  unJ  hand  grenades.  Sodium 
and  potassium  nitrate  arc  also  used  in  black  powder  as 
the  oxygen  earner  to  support  the  combustion  of  the 
sulfur  und  the  charcoal. 

Ammonium  nitrate  has  ull  the  properties  of  the  other 
nitrates,  but  i>  uUo  able  to  detonate  by  itself  under 
certain  conditions.  It  is  therefore  a high  explosive, 
although  very  insensitive  to  impact  and  difficult  to  deton- 
ate. In  the  pure  stale,  it  requires  a combination  of  ;.n 
initiator  and  a high  explosive.  This  combination  is 
known  us  a reinforced  detonator.  Ammonium  nitrate 
in  combination  with  nitro  compounds  (such,  per  haps,  us 
trinitrotoluene)  forms  one  of  the  major  high  ex- 
plosi  cs  for  military  uvc.  Ammonium  nitrate  is  widely 
used  also  us  the  chief  component  of  “ammonia  per- 
missiblcs,”  and  of  “ammonia  dynamites”;  us  a com- 
ponent of  many  pyrotechnic  mixtures;  and  in  com- 
bination with  smokeless  powder,  as  a granular  blasting 
explosive.  It  is  a relatively  safe  high  explosive  which, 
however,  must  be  stored  in  a cool,  ventilated  place, 
away  from  acute  lire  hazard*  and  easily  oxidized 
materials.  Ammonium  nitrate  must  not  be  confined,  be- 
cause if  a hre  should  start,  confinement  can  cause  det- 
onation with  extremely  violent  results. 

Disaster  Hazard:  Dangerous,  due  to  fire  end  explosion 
hazard  On  decomposition  they  emit  toxic  fumes.  They 
are  powerful  oxidizing  agents  which  may  cause  violent 
reaction  with  reJucmg  materials.  Nitrates  should  be 
protected  carefully  as  discussed  m detail  in  Section  7. 
Counttrmtamres 
Ventilation  Control:  Section  2. 

Personal  Hygiene  Section  3 
Storage  and  Handling:  Section  7 
Shipping  Regulations : Section  1 1 

I C (.  Oxidizing  material,  yellow  label,  100  pounds 
Coast  Guard  Classification  Oxidizing  material 
lATA  Oxidizing  material,  yellow  label,  12  kilograms 
(passenger).  45  kilograms  (cargo). 


CHI  OKA  I FS.  NO  S. 

""Oc  neFuT  TiTT  o n i iTfoTn  " U"J,JT 
Description  Chlorate*  arc  a combiuuii*  n of  u metal  or 
hydrogen  und  CIO,  monovalent  radical  They  arc 
crystalline  and  somewhat  deliquescent 
Hazard  Analysis 
Toxic  ll.t/ard  Rating: 

Acute  I ocal  liriijnll 
Acute  Systemic  Ingestion  2. 

Chronic  I ocul  Irritant  I 
Chronic  Systemic:  Ingestion  2 
Toxicology  The  principal  toxic  effects  of  chlorates  arc  the 
production  of  mcthcrnugfubin  m the  tiood  and  destruc- 
tion of  red  blood  corpuscle*  I he  latter  may  lead  to 
irritation  of  the  kidney*.  Damage  i.»  hejrt  muscle  ha* 
been  reported. 

I ire  Ha/aid  Moderate,  in  contact  with  flammable  matter 
hen  contaminated  with  oxidi/ablc  materials,  they 
are  particularly  sensitive  to  friction  heat  jnd  shock: 
they  arc  powerful  oxidizing  agents  (Section  6)  , 

Lxplosion  Hazard:  Moderate,  when  shocked,  exposed  to 
heat  or  rubbed,  particularly  when  contaminated  with 
sugar,  charcoal,  shellac,  sulfur,  starch,  sawdust, 
sulfuric  acid,  Jiiimoniu.ti  compounds,  iyaii.de*  phos- 
phorus or  antimony  sulfide. 

Chlorates  when  mixed  with  combustible  materials 
may  form  explosive  mixtures.  lor  instance,  potas- 
sium chlorate,  when  mixed  with  sulfur  or  with  other 
combustible  substances  explodes  on  friction  I'urc 
chlorJlc^  whreto  have  been  4 (tilled  on  the  floor,  or  omed 
with  small  amount*  of  impurities,  become  very  sensitive 
to  shock  and  fiiction.  \Satcr  is  considered  the  best 
agent  for  lighting  lire*  involving  chlorates  In  the 
explosive  industry,  chlorates  aie  used  a*  oxidizing 
agent*  in  the  printer  caps  in  combination  with  mercury 
fulminates,  phosphorus,  antimony  sulfide  arid  other 
Combustible  substances  They  arc  Used  in  pyrotechnic 
mixtures,  as  a component  of  airplane  flares  and  aerial 
bombs.  I hey  arc  also  used  a>  a component  of  j crmi».*i- 
ble  explosives  Chlorates  are  used  extensively  in  the 
manufacture  of  chlorate  explosives  The  chief  constitu- 
ent of  such  an  explosive  is  from  («0  to  SO  percent  chlo- 
rule.  1 his  can  he  the  chlorjtc  of  ammonium,  sodium  or 
potassium.  T he  other  ingredient.*  in  >uch  ii  mixture  are 
combustible  material.*,  stch  ns  metallic  powders,  pow- 
dered sulfur,  powdered  charcoal  or  possibly  mixtures  of 
orgunic  matter.  Nitro  derivatives  of  benzene,  toluene, 
und  other  aromatic  x'ompounds  are  also  jdded  Paraffin 
may  be  added  as  a descnsilizer.  Recently,  similar  mix- 
tures were  used  in  I urope  bat  with  the  addition  of  small 
amounts  of  nitroglycerin  or  collodion  cotton  Chlorate 
explosives  aic  more  sensitive  than  modern  permissible 
explosives,  und  therefore  r.ct  as  sale  as  fur  instance  the 
perchlorate  explosives,  or  the  permissible*  Plastic 
mixtures  id  chlorate  explosives  (containing  nitro- 
glycerin) are  somewhat  less  /cnsitivc  to  shock  and 
friction,  m spite  of  the  nitroglycerin  present,  than  the 
dryer  explosives  with  no  nitroglycerin  In  this  case  the 
nitroglycerin  or  “explosive  oil,**  as  it  is  known,  serves 
to  wet  the  rest  of  the  mixture  Barium  chlorate  is 
shipped  and  stoicd  in  wooden  boxes,  barrels,  or  kegs 
It  shiiulJ  have  isolated  storage  in  a cool,  ventilated 
place,  away  front  acute  fire  hazards  and  should  not  be 
stored  in  the  same  building  with  combustible  materials, 
acids,  sulfur,  powdereJ  magnesium  or  powdered 
aluminum  I xarnples  of  chlorates  Used  in  the  explosive 
industiy.  would  be  potassium  chlorate,  sodium  chlorate 
and  barium  chlorate. 

Disaster  1 1 j/ard  Moderate,  shock  will  explode  them,  when 
heated  to  decomposition,  they  cun  emit  toxic  fume* 
und  explode,  can  react  with  r educing  material*. 

( 'uuiilx-rim-usures 

Personal  Hygiene  Section  3 

Storage  and  Handling.  Section  7. 

Shipping  Regulations:  Section  I ! 

I t < Oxidizing  mater  ial;  y ellow  label,  200  pound* 

IMA  Oxidizing  material,  yellow-  label.  12  kilograms 
(passenger),  45  kilogiain*  (cargo) 


A 


APPENDIX  II  (Cont.d.) 


ADDITIONAL  SAFETY  DATA  ON  COMPOUNDS  LISTED  IN  TABLE  VI 


Hazard  Anal) sis 
Toxic  Hazard  Rating: 

Acute  Local:  U. 

Acute  Systemic:  Ingestion  3;  Inhalation  3. 

Chronic  Local:  U. 

Chronic  Systemic:  Ingestion  I;  Inhalation  l. 

Toxicology:  Large  amounts  taken  by  mouth  may  produce 
nausea,  vomiting,  cyanosis  (due  it'  methemoglobin 
formation)  collapse  and  coma.  Repeated  small  closes 
cause  a fall  in  blood  pressure,  rapid  pulse,  headache  and 
visual  disturbances. 

hire  Hazard:  Details  unknown.  They  arc  generally  power- 
ful oxidizers.  In  contact  w ith  readily  oxidized  materials, 
a violent  reaction  such  as  a fire  or  explosion  may  en- 
sue. 

I.xplosion  Hazard:  Details  unknown.  Organic  nitrites  may 
decompose  violently. 

Disaster  Hazard:  Dangerous;  shock  may  explode  them; 
when  healed  to  decomposition,  they  emit  highly  toxic 
fumes  of  oxides  of  nitrogen;  can  react  vigorously  with 
reducing  materials. 

Countermeasures 

Ventilation  Control:  Section  2. 

Personnel  Protection:  Section  3. 

First  Aid:  Section  I . 

Storage  and  Handling:  Section  7. 


AMMONIUM  I HKH  VAN  ATE 

Ccncral  Information 

Synonym:  Ammonium  sulfocyanate. 

Description:  Colorless  solid. 

Formula:  N'H4SCN. 

ConstanlK  Mol  wi:  ?6.l.  mp:  149.6'C.  bp:  decomposes  al 
170  C.  d.  I 305. 

Hazard  Analysis 

Toxicity:  A herbicide.  See  thiocyanates. 

Disaster  Hazard:  Sec  thiocyanates. 

Countermeasures 

Storage  and  Handling:  Section  7. 


THIOCA  AN  N TFS 

Hazara  Analysis 

Toxicity:  Variable  Thiocyanates  arc  not  normally  disso- 
ciated into  cyanide;  they  have  a low  acute  toxicity. 
Prolonged  absorption  may  produce  various  skin  erup- 
tions. running  rose,  and  occasionally  dizziness,  cramps, 
nausea,  vomiting  and  mild  or  severe  disturbances  of 
the  nervous  system. 

Disaster  Hazard  Dangerous;  when  heated  to  decomposi- 
tion or  on  contact  with  acid  or  acid  fumes,  they  emit 
highly  toxic  fumes  of  cy  anides. 

Countermeasures 

Storage  and  Handling:  Section  7. 


AMMONIUM  CHI.OR1PK 
General  Information 
Synonym:  Sal  ammonia. 

Description:  White  crystals. 

Formula:  NH4CI. 

Constants:  Mol  <*t.  53.50.  mp:  520‘ C,  bp:  337.x*  C. 

cl:  1.520.  v.ip.  press.:  I mm  at  160.-TC  (sublimes). 

Hazard  Analysis 
Toxic  Hazard  Rating: 

Acute  Local:  Irritant  I;  Ingestion  I;  Inhalation  I. 

Acute  Systemic:  U. 

Chronic  Local:  Irritant  1. 

Chronic  Systemic:  Ingestion  I . 

Toxicology:  A substance  migrating  to  food  from  packaging  , 
materials.  Large  doses  cause  nausea,  vomiting  and 
acidosis. 

Countermeasures 
\entilalion  Control:  Section  2. 

Personal  Hygiene:  Section  3. 


10\IC  H4/4RO  RHISC,  COM'.  (f„r  details*  Srelitn  I ) 

0 NON!  <a)  No  harm  tinder  any  conditions,  (h)  Harmful  only  under  un-  2 MOIM  R VH  May  invohe  both  irreversible  and  resemble  charges, 

usual  conditions  or  overwhelming  dosage  not  vcvere  enough  to  cause  death  or  permanent  injury 

) IIKtH  May  cause  death  or  permanent  injury  aficr  sery  short  cspo'ure 

1 SI  Kill  I C auses  readily  reversible  changes  which  disappear  after  end  to  small  quantities 

of  rtposure  U UNKNOWN  No  information  on  humans  considered  valid  b>  authors 


APPENDIX  II  (Cont'd.) 


ADDITIONAL  SAFETY  DATA  ON  COMPOUNDS  LISTED  IN  TABLE  VI 


A MMOMI  M HIM  I ()HH>F  

Genera!  Information 

Synonym:  Ammonium  hydrogen  fluoride. 

Description.  White  crystals. 

Formula:  Nil, Mil-'. 

Constants:  Mol  wt:  57.05,  d:  1.21  at  12  C/12  C (liquid). 

Ila/ard  Analysis 

'I  ox  icily : See  fluorides. 

Disaster  Hazard:  See  fluorides. 

Countermeasures 

Storage  and  Handling:  Section  7. 

IA  TA:  Other  restricted  articles,  class  B,  no  label  required, 
no  limit  (passenger),  no  limit  (cargo) 


pot  xsmi  m r.m  i okipf 

General  Inform Jliuu 

Synonyms:  Potassium  acid  fluoride;  ITemy's  salt. 
Description:  Colorless  crystals. 

Formula:  KHF... 

Constants:  Mol  w|;  7^10.  mj>:  decomposes. 

Hazard  Analysis  and  Con-  ter  measures 
See  fluorides. 

Shipping  Regulations.  Section  II. 

IATA  (solid):  Poison  B.  poison  label,  25  kilograms 
(passenger).  95  kilograms  (cargo). 

(solution):  Corrosive  liquid,  white  label,  I liter 
(passenger).  20  liters  (cargo). 


soph  \f  dim  idiom; 

Clcn eral  Information 
Description:  While  powder. 

Formula:  NaF-HF. 

Ha/ard  Analysis  and  Countermeasures 
See  fluorides  and  hy drofluoric  acid. 

SODIUM  l)l-IIYPROGKN  o-ARSKNATK 
General  Information 

Description:  Rhombic  or  monoclinic,  colorless  crystals. 
Formula:  NalUAsO,-  H.O. 

Constants:  Mol  wt.  IS  1 .94,  mp:  -HO  at  100  150' C. 

bp:  decomposes  at  200  2S0'C,  d:  2.53 
Hazard  Analysis  and  Countermeasures 
See  arsenic  compounds. 


H UORIDFS 

Hazard  Analysis 
Toxic  Hazard  Rating: 

Acute  Local:  Irritant  3.  Ingestion  3.  Inhalation  3. 

Acute  Systemic:  Ingestion  3. 

Chronic  Local:  Irritant  I. 

Chronic  Systemic:  lngestion3;  Inhalation  3. 

ILV:  ACCilH  (recommended);  2.5  milligrams  per  cubic 
meter  of  air. 

Toxicology:  Inorganic  fluorides  are  generally  highly  ir- 
ritant and  toxic.  Acute  c fleet  * resulting  from  exposure  to 
fluorine  compounds  are  due  to  hydrogen  fluoride. 
Chronic  fluorine  poisoning,  or  “fluorosis,’*  occurs 
among  miners  of  cryolite,  and  consists  of  a sclerosis 
of  the  bones,  caused  by  fixation  of  the  calcium  by  the 
fluorine.  There  may  also  be  some  calcification  of  the  J 
ligaments.  I he  teeth  are  mottled,  and  there  is 
osteosclerosis  and  ostcmalacia.  I he  bony  and  liga- 
mentous changes  are  demonstrable  by  x-ray. 

Loss  of  weight,  anorexia,  anemia,  wasting  and 

cachexia,  and  dental  defects  arc  among  tin  •*ominon 
findings  in  chronic  fluorine  poisoning  There  may  be 
an  cosinophilia.  and  impairment  of  giowth  i.t  young 
workers. 

Organic  fluorides  are  generally  less  toxic  than  other 
halogcnatcd  hydrocarbons. 

Common  air  contaminants  (Section  4). 

Disaster  Hazard.  Dangerous;  when  heated  to  decomposi- 
tion or  on  contact  with  acid  or  acid  fumes,  they  emit 
highfy  toxic  fumes. 

Countermeasures 

Ventilation  Control:  Section  2. 

Personnel  Protection  Section  3. 

First  Aid  Section  1 

StoragcanJ  II  *. idling-  Section  7. 


\\\  PROFIT  OR1C  AC  ID 

General  Information 

Synonyms:  Hydrogen  fluoride;  fluorhydric  acid. 

Description:  Clear,  colorless,  fuming  corrosive  liquid  or  gas. 
Formula;  HF. 

Constants:  Mol  wt;  20.01.  mp:  -92.3*C,  bp  19.4*C. 
d.  0.921  g/li:er  (gas).  0.9^7  (liquid),  vjp.  press  : -J;JU  rnm 
at  2.5' C. 

Hazard  Analysis 
Toxic  Hazard  Rating: 

Acute  1 ocal:  Irritant  3;  Ingestion  3,  Inhalation  3. 

Acute  Systemic:  Ingestion  3;  Inhalation  3. 

Chronic  Local:  Irritant  2. 

C hronic  Systemic:  Ingestion  2.  Inhalation  2 
ll.V:  ACCilH  (recommended);  3 parts  per  million  in  air. 

2 milligrams  per  cubic  meter  of  air. 

Toxicology;  It  is  extremely  irritating  and  corrosive  to  the 
skin  and  mucous  membranes.  Inhalation  «l  the  sapor 
may  cause  ulcers  of  the  upper  respiratory  tract.  Con- 
centrations at  50  to  250  ppm  .ire  dangerous,  even  for 
brief  exposures.  Hydrofluoric  acid  produces  severe 
skin  burns  which  are  slow  in  healing.  1 he  subcutaneous 
tissues  may  be  affected,  becoming  blanched  and  blood- 
less. Gangrene  of  the  aflcclcd  areas  may  follow.  See  also 
fluorides.  It  is  a common  air  contaminant.  (Section  4). 
Disaster  Hazard.  Dangerous,  when  heated,  it  emits  highly 
corrosive  fumes  of  fluorides;  will  react  with  water  or 
steam  t > produce  toxic  and  corrosive  fumes. 
Countermeasures 
Ventilation  Control  Section  2. 

Personnel  Protcvln  n:  Section  3. 

First  Aid:  Section  1 

Storage  and  Hurdling.  Section  7. 

Shipping  Regulations.  Section  II. 

I C.C.:  Corrosive  liquid,  white  label,  10  pints. 

Coast  Guard  Classification:  Corrosive  liquid,  white 
label. 

MCA  warning  la^cJ 

1AT  \ Corrosive  I, quid,  while  label,  1 liter  (passenger). 
5 liters  (cargo). 
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APPENDIX  I I . (Cont ' d . ) 


ADDITIONAL  SAFETY  DATA  ON  COMPOUNDS  LISTED  IN  TABLE  VI 


CVANAMIDF 

L.cnrrai  Jnlormalmn 

Synonyms:  Carbodiimide;  cy  anogenamide. 

Description:  Deliquescent  crystals. 

Formula:  HNCNH. 

Constants:  Mol  wt:  42.05,  nip:  42* C,  bp.  260* C\  flash  p. 
285*  F.  d:  1.073.  vap.d.:  1 .15. 

Hazard  Analysis 

Toxic  Hazard  Rating. 

Acute  Local:  U. 

Acute  Systemic:  Ingestion  2,  Inhalation  2. 

Chronic  Local:  U. 

Chronic  Systemic:  Ingestion  1;  Inhalation  1. 

Toxicology:  Docs  not  contain  free  cyanide.  Cause*  in- 
crease in  respiration  and  pulse  rate,  lowered  blood  ' 
pressure  and  dizziness.  There  may  be  a flushed  ap-  | 
pearancc  of  the  face. 

Fire  Hazard:  Slight,  u. hen  exposed  to  heat  or  flame. 

Disaster  Hazard:  Moderately  dangerous;  when  heated  to 
decomposition  or  on  contact  with  acid  or  acid  fumes, 
it  emits  toxic  fumes. 

Countermeasures 

Ventilation  Control:  Section  2. 

To  Fight  Fire:  Carbon  dioxide,  dry  chemical  or  carbon 
tetrachloride  (Section  6). 

Personal  Hygiene:  Section  3. 

Storage  and  Handling:  Section  7. 


OX  M MIS 
Central  luformalmii 
Formula.  Salt*  of  oxalic  acid. 

Hazard  Analysis 
Toxic  Hazard  Rating. 

Acute  1 oca)  Irritant  3;  Ingestion  3. 

Acute  Systemic:  Ingestion  3. 

Chronic  Local:  Irritant  1. 

Chronic  Systemic  Ingestion  I . 

Toxicologv : Oxalates  are  corrosive  and  produce  local  irrita- 
tion* W hen  lal  en  by  mouth  they  have  a caustic  cflect  on 
the  mouth,  esophagus  and  stomach  1 he  soluble  oxa.ate* 
arc  readily  absorbed  from  the  gastro  intestinal  tract 
and  can  cause  severe  damage  to  the  kidneys. 

Disaster  Ha/ard:  Dangerous;  when  heated  to  decomposi- 
tion. they  emit  toxic  fumes. 

Countermeasures 

Personnel  Protection:  Section  3. 

Ventilation  Contiol:  Section  2. 

Storage  and  Handling:  Section  7. 


APPENDIX  III 


SUMMARY  OF  THERMODYNAMIC  CONSTANTS  USED  IN  EXPANSION 
COOLING  CALCULATIONS  OF  SECTION  2.4.2 


Substance 

cv 

(cal/deg  mole  at  25 °C) 

Gamma 

Nitrogen 

4 . 95 

1.40 

Carbon  dioxide 

6.92 

1.27 

Ammonia 

6.57 

1.31 

Freon- 21 

11.898 
at  16  °C 

1.180 

APPENDIX  TV 


MATERIALS  FOR  AMMONIA 

H.H.  Uhlig,  The  Corrosion  Handbook , The  Electro- 
chemical Society , Inc.,  New  York,  1940,  p.  799. 


Tai.ix  J2.  AMMONIA  CKOUP 


Type#  of  Material 

(See  p .753  for  sub-groups  and  further  details  of  composition.) 


1.  Al  and  Al-Ba.-*e  Alloys 

2.  Iron  and  Steel 

3.  High-Si  Cast  Irons 

4.  Higli-Ni  Cast  Irons 

5.  4 to  10%  Chromium  Steels 
C.  Stainless  Steels 

(Martensitic) 

7. ’  Stainless  Steels  (Ferritic) 

8.  Stainless  Steels  (Austenitic) 

9.  Special  Fe-Cr-Ni  Alloys 

(Austenitic) 


10.  Nickel 

11.  Ni-C'i-Fe  Alloy 

12.  Xi-Cu  Alloys  (>5U% 

Ni) 

13.  Ni-Mo-Fe-(Cr)  Alloys 

14.  Ni-C'r-Cu-Mo  Alloy 

15.  Ni-Si  Alloy 

1G.  C’u-Xi  xVUoys  (>50% 
Cu) 

17.  Cu  ami  On-Base  Alloy.- 
IS.  I.ead 


10.  Silver 

20.  Noble  Metals  and 
Tantalum 

21 . Mr  and  M --Base  Alloys 

22.  Ceramic  Mateiials 

23.  Carbon  and  Ciraphito 
21.  Plastics 

25.  Rubber  and  .Sy  nthetic 
Elastomers 


Ammonia  and 
Aiiimoniumhydroxide, 
Ammonia  Liquors 

Class  A Materials 

Cla>s  P»  Materials 

Class  C Materials 

Compressed  liquid 
and  gas  (No to  1) 
anhydrous 

l ; 2;  3a,  u;  In,  c;  5;  0; 
7;  8;  9 (Note  1);  10;  11; 
13a,  n,  c;  1 l v;  15;  li>; 
19  (.Vote  ?.) : 20a,  ii,  c; 
21;  23a,  i«,  c.  i» 

Lv;  12;  Hi;  17 

Moist  vapors 
Ammonium  hydroxide 

l ; 4n*p  c up  to  70*  C 
(1G0°  F)  ; S;  9.  11;  13c; 
14a;  20a,  n,  v;  21;  23a. 
i»,  c,  i>;  24c,  o up  to 
b.p.  24k  and  all  Type 
25  materials  up  to 
G5°  C (l.>0*  F) 

2;  3a,  n;  5;  G;  7;  In-,  c 
above  70*0  (MVPF) 
up  to  b.p.;  It)  (Note  2); 
24  n at  room  temp. 

J\.  i*l ; 10;  12;  15;  1C»; 
17;  19.  (.Vote  2);  24  a 
above  3 i*  (1  (S5*  F) 

with  up  to  lUr;  ; at  all 
temperatures  with  con- 
cent rate*  1 grade.  24h 
above  30°  C (85°  F). 

Ammonium  carbonate 
Ammonium  phosphate 
(tribasic) 

In  general,  the  ratings  for  ammonium  hydroxide  apply  lu  re.  All  mate- 
rials which  are  Class  A or  Class  C with  ammonium  hydroxide  are 
similarly  rated  with  solutions  of  these  salts.  Materials  which  ate 
Class  B with  ammonium  hydroxide  may  approach  Class  A with 
solutions  of  these  salts. 

Ammonia  liquors 
(mixtures  of  ammo- 
nium hydroxide,  am- 
monium salts,  and 
other  components) 

All  materials  which  are  Class  C with  ammonium  hydroxide  are  Class 
C with  ammonia  liquors.  The  A and  B ratings  for  ammonium  hydrox- 
ide and  ammonium  salts  will  u.-ually  apply  also,  but  they  should  be 
used  cautiously,  depending  upon  the  other  components. 

* Preferably  Cu-free  grade. 

t C’u-heaf  ing  grade. 

Note.  /.  All  the  ratings  in  this  Table  are  based  on  the  a sumption  that  the  temperature  is 
below  that  at  whi«  h dissociation  of  the  -as  am!  nitriding  of  the  metal  occur. 

Note- 3.  Silver  alloy*  containing  copper  are  always  Class  C.  Pure  silver  resists  dry  gas 
and  air-free  aqueous  solutions  well,  but  is  attacked  vigorously  by  aerated  solution*  and  by 
pot  moist  vapors. 


i 


Class  A: 
Class  B: 
Class  C: 


Suitable  for  critical  parts  where  very  little 
dimensional  change  can  be  tolerated. 

Common  use  for  non-critical  parts  where  some 
corrosion  can  be  tolerated. 

Not  ordinarily  considered  suitable. 
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